THE 


Indian ®«a l^ssaciatinn. 


EXPERIMENTS ON THE 
QUALITY OF TEA 

BV 

C. J. HARRISON 


iSalctttta: 

PRINTED AT THE CRITERION PRINTING WORKS. 
8, Jacusow Lahi: 


1036 . 




EXPERIMENTS ON THE QUALITY OF TEA 

BY 

C. I HARRISON. 

During tho manufacturing seasons of 1031 and 193/5, experi- 
ments on the influence of uhTnuring, plucking, and variety or fat 
of bush on the tjuality of tiie made tea, luno l>ecn carriwi out. 
Previous to 1934 many experiments of less detailed ami less 
accurate nature were done, but although much useful informatiou 
was obtained, results could not l}e considered definite. 

Within recent years, techniq\ic in cnnuccti(»n with the arrange- 
ment of experiments so as to render the rt'sults ol Gained capable 
of statistical analysis, has been dcvcloiavl, (Kirlicularly in the 
direction of field experiments in agriculture. It was found tiuit 
tins technique could be siutal)ly applied to mamifactnre cxjwri- 
ments, and an experimental design has been ciu))]oyc(i wliich has 
enabled us to assess the effect of factors apart from t)ie<mo under 
investigation, which influence tiic value of the tea, and cannot he 
eliminated from the experiment. 

The design employed in all experiments w^as the * ‘Latin 
square*' plan. In order to understand the reasons for employing 
this design, a knowledge of our method of manufacture is necessary. 

The leaf samples were brought in to the withering shof) about 
midday and spread, in turn, on bamboo racks covered with cloth, 
(which was always boiled each day before manufacliirc). Rolling 
started next morning at 4-0 a.m. in the hot weather experiments 
and at 6-0 a.m. during the cooler weather in October and Novem- 
ber. Thus the leaf had a minimum of 16 hours wither. The 
leaf was spread on the withering chungs in the same order as that 
of. rolling. 

There are two rollers, designated East and West rollers. 
They are of the same type, but even when running at identical 
speeds and with the same pressure, do not produce identical 
effects, i.e. bruising and twisting action on the leaf. 

The East roller, on account of slightly larger clearance between 
box and table, allows considerably more leaf to escape and be 
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gronn'd up between the edge of the box aid the table. TbiM kal 
is continually swept back, and the resultant effect is to cause more 
bruising and breaking up of the leaf. 

The rolling system was : — Ist roll of one hour, starting witK 
10 minutes no pressure and then alternately 10 minutes pressure 
and 5 minutes no pressure. The leaf was then dropped, balls 
broken up by hand, and the leaf returned to the same roller. The 
time occupied between stopping the 1st roll and starting the second 
was 5 minutes. 

The second roll was for J hour with alternately 10 minutes 
pressure, and 6 minutes no pressure. 

As the pressure cap is a wooden one about 20" square and 5" 
deep, and is not held down by any spring, the maximum pressure 
obtainable is not very great, small in fact, in comparison with that 
of the larger types of roller used in factories. 

The dryer is a Single Tilting Tray Sirocco, divided in two 
equal portions so that two samples can be fired simultaneously. 

Eight different treatments were under trial in all experiments 
except one, the jat experiment, in which only 6 different jats were 
under trial. Now supposing eight samples of leaf from plots which 
had had identical treatment are to be manufactured, the most con- 
venient way is to roll, ferment and fire them in pairs, one of each 
pair in the East and one in the West roller. There would thus be 
4 pairs of rolls, at 95 minutes intervals (allowing 90 minutes for 
each roll and 5 minutes for filling the roller). 

One could therefore not expect to get eight identical teas from 
this manufacture. Firstly, the 4 teas rolled in the East roller 
might differ considerably from those rolled in the West roller, and 
secondly the four pairs of teas might differ according to the order 
in which they were rolled, since the second pair get 95 minutes, 
the third 190 minutes and the fourth pair 285 minutes longer 
withering than the first pair, and moreover, the later rolled teas 
are rolled and fermented usually at higher temperatures than those 
earlier rolled. 
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If, as in the case of our experiments, tlie eipht sainplos of leaf 
m from plots differing in manuring, plucking. „r .some other way 
the relative values of the rcsultin^^r eoult] ndt In- ovpcfteil to 
repi^t truly this treatment, but should lio alTorled by the order 
ia which the samples were rolled, or by tlic roller used. 

When treatment is sucli as to prod\iee very flilTefonre 
in th^ teas, as in the Jot or the J'liiekini^^ t‘\{)ef(iiierd, (be elTeet of 
a difference of 3 or *4 hours in witlierin*^, or of the dillVTeui adions 
of the rollers, is to a great extent masked. M'hen Imwever, the 
treatment produces very much si nailer dilTerej)i‘cs ju manuring 
experiments, the effect of the rollers and the order in w jiic h tlie teas 
arc manufactured shows up. 

It is impossible to eliminate these outside fat dors, nor is it 
necessary to do so. By manufacturing the snm|)l(s a suHifdcnt 
number of times we can arrange for a!) (be sanqilc-^ fo oc(Mi])y 
every position in the order of inanufaeturo sam(‘ ninnbiT of 
times and to be rolled an equal numhm' of (inu's in cat-h roller. 
If the eight samples are ail inanufactiire/) on ciglit otrasions, each 
sample can be rolled 4 times in the bkist and I in the \\Vs(, roller; 
each sample can also occupy on two oceasions, eacli of the tirsl, 
second, third and fourth positions in order of rolling. (See table 
I. appendix). 

It will at once be reali.scd that this arraogeuieni is not ( utirely 
satisfactory, since the order in which the teas are manufactured 
may not have the same effect on tlie tea, on each occasion of manu- 
facture. For example, on a day when temperature is practically 
constant over the period of manufacture then; may be little 
difference between the teas made early and (Iioko made lati^r in the 
day. On a normal rains day when the fermenting ro(mi tempera- 
ture at 6 A.M., is about 80“F. and at midday 00'’ F. . one may expect 
a considerable difference between the first and last rolled teas. 

If this daily temperature variation differs considerably on the 
different occasions of manufacture, tlmn the variance due to order 
of manufacture (See appendix) may be Bmallor, and the variance 
due to ^‘residual causes” (factors unaccounted for) will be greater 
than if the temperature variation were the same on (;vcry day o 
maiHilaetmei 
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The results of the experiment are not made less valid by this 
increase in residual variance, but, the error being greater, 
differences due to treatment may become less significant. 

After the tea has been fired, it is cut by passing it through a 
Savage Cutter with Y' cells and then through the same cutter with 
i" cells. The dust and very small “fannings” are sifted out and 
comprise about 7% of the total bulk. The very coarse leaf, 
comprising about 6;% of the total bulk is also sifted out. Thus the 
tea from which samples are taken for tasting and valuation and for 
analysis, comprises at least 85% of the original leaf manufactured. 

This system of sorting has been adopted primarily because it 
was found to be almost impossible to sort small quantities into 
normal grades under identical conditions for each sample. Hand 
sorting would be necessary for dealing with samples of only 5 lbs. 
weight, and hand sorting is impossible to standardise. Moreover, 
the number of samples to be valued would be multiplied several 
times. 

Tasters have all agreed that the sample representing 85% of 
the bulk is satisfactorily even, and as valuations are comparative, 
there would be little to be gained by grading, even if this could be 
carried out accurately. 

In the case of all experiments except the one on plucking in 
1934, the percentages of dust and of coarse tea were identical for 
all samples on any particular manufacture. In the case of the 
plucking experiment, it was expected that there would be much 
more coarse grade tea from the coarser plucked tea, and for this 
reason valuations were obtained both for the main bulk (labelled 
B, P.) and for very coarse tea (labelled Souchong). Actually, the 
variations in percentages were much less than anticipated, and the 
average valuations are very much the same whether or not 
allowance is made for the slight differences in percentages of coarse 
and fine tea. In the 1935 experiment, the normal method of 
sending only the B. P. grade for valuation was employed. 

The tasters’ valuations on the complete set of 64 samples can 
be subjected to the - ’Analysis of Variance - (Fisher), which is a 



mathematical method of obtaining the variance, or effect on 
valuations, due to the treatments under trial, due to eacli of the 
other extraneous factors, and tlie residual variance ^vhi^h is 
that portion of the variance due to factors either not known, or 
not accounted for. From this residual variance, it can WH>alc(dftted 
which differences are really significant and nhich may t>o duo (« 
chance only. In the foDouing amnmt of ex{>enmental results, 
the “significant diffcrenceK” are calculated so tlmt there is a ‘20 io 
1 chance on any difference in average valuation InHwcon nnv two 
samples which is greater than the signific«ant dilTorencc, being due 
actually to the difference in treatment and not to dianco. 

The method of calculating the variances and the significant 
difference is illustrated in an apixuidix to this article hy an 
example taken from the 1034 plucking experiment. 

The experiments described belou^ are grouped as follows 

I. Effect of manuring, 

(а) Effect of quantity — (different quantities of inorga- 
nic manure mixture). 

(б) Effect of quality— (comparison of nitrogenous 
manvires in different {onus, organic and inorganic) 

(c) Effect of phosphoric acid and potaslu 

11. Effect of different styles of plucking. 

III. Effect of variety of bush. 

I, Effect of Manuring. 

/a) Effect of different quantities of complete inorganic miTture, 

in single and divided doscs^ on qiiahiy of second-flush teas. 

The leaf samples employed in this experiment, which extended 
over the 1935 “second flush" period, were obtaincvl from H scries, 
each consisting of 8 plots, on the Afesai Afanipuri block of tea at 
Borbhetta. The manuring of the series has been in operation for 
6 years, 1931 to 1935 inclusive. 

Manures, in chemical form, were applied annually in quantities 
to give the amounts of nitrogen, phosphoric acid, and potash set 
out in the following table. When single doses were applid. ^ic 
application was made at the end of March. In tl)C case of ( ivu et 
dom, half the total quantity was applied in March (at the same time 
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ag that of the single d<^ plots) while the second dose was apjdied 
at the end of June in throe cases^ series 5, 6, and 7, and at the 
middle of May in the case of seri^ 8. * 


Table I, 


Hcrien, 

>I«nqnng trefttmeot 
lb*, per acre. 

Method of application. 

1 1936 yields ia 
mda. tea per 
acre up to 
Slst Jnly. 


Nitr<^eu. 

Pbospborio 

add. 

Votaah. 

1 

0 

0 

0 


1-67 


40 

20 

20 

One dote, March 


3 

80 

4U 

40 

One dote, March 

4'80 

4 

120 

60 

60 

One dose, March 

6*62 

5 

40 

20 

1 ** 

Two doses, March and 
Jane. 

2^1 

« 

80 

40 

40 

1 

Two doses, March and 
June. 

433 

7 

120 

01 

i 60 

Two doses, March and 
Jane. 

6*75 

8 

80 

1 

40 

40 

Two doses, March and 
May. 

456 


The teas were sent to 6 tasters in India and four in London 


who each placed their valuation on each of the 64 teas. The 
valuations for each of the eight teas were averaged for each of the 
8 occasions of manufacture; the final analyses of variance being 
made on these averages. 

The combined results of the Calcutta tasters are considered 
first. • 


Table II. 


Average weekly valuations of 6 Calcutta tasters. 

Valmtions in annas and pies. 




JrNis. 




J ILY, 



Manuring 

aeries. 









A versge. 

4th 

18th 


*2nd 

9th 

16th 

•23rd 

30th 



1 

IM‘6 

11- 2-7 


11 0*7 

11- 10 

im 

10- 8-8 

10-8*2 

10-1 1*1 

2 

n-i*6 

11- 9‘6 


10-9*3 




10-6 -o 

10-10 6 

3 


11- 85 

n- 3-2 

10-4*7 





10- 8*9 

4 

110*3 

11- 0*0 

10- 9 3 

10-7-3 


9-110 



10- 7-1 

6 


11- 8*0 

tliMl!] 

10-9-2 



10- 3-3 

10-3-8 

10< 8*2 

6 

10-6*5 

11- 7*5 

10- 1-7 

KMi-S 



10- 6-3 

10-4-2 

10- 6*6 

7 1 

iM-n 


10- 8*5 

10-9*7 1 



10.10*6 

10-27 

10- 7*7 

8 

mm 

U- 4*3 


10-8-6 

10- 8 3 




10- 7*6 

Average 

10-9*5 

U- 4*2 

10 -8-4 

10^' 



30- 8*6 


10- 8*3 

8ini6eanfc. 

rnffisrence 

■ 

■ 


B 






in piee 

D 

B 

0- 8*1 

Bi 

0- 6*1 

— 

0- 6*6 

04-0 

0- 3*0 
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Tte aMlysiB of variance of the valuations in table H. is 


Table III. 

4nalK«s of variance of average ralMattoiis of G tasters. 
(For Explanation See Appendix). 


Variance due to 

Sums of 
pqiures. 

Decrees of 
freedom. 

.Mean Fquarea. 

Manuring ... 

6904-19 

7 

9H631 

Date of manufacture 

26877-94 

7 

3839-70 

Order of manufacture ... 

2517*19 

3 

880-06 

Roller action ... 

2809-00 

1 

280900 

Interaction of order and 
rollers 

485-50 

3 

101-83 

Residual causes 

13624*12 

42 

324-38 

Total 

53217-94 

63 



The difference required between any two of the average valua- 
tions for the whole experiment, which are given in the last coUiinn 

of table IT. is given by the expression ^ y/^M 


“t" for a 20 to 1 chance, and 42 degrees of freedom for 
residual variance is 2 02. 


The significant difference therefore, obtained from the alcove 
expression is 3*02 pies. 

The weekly averages show significant differs ices on four o\it 
of eight occasions. The manuring treatments on any particular 
date may be due to a combination of the three factors, roller 
action, order of manufacture, and manorial treatineiit. Tn the 
final averages however the effect of rolling and order (;f manufacture 
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is eliminated^ eiiice each of these final sversges is made ol rslua- 
tions of teas which have twice occupied each of the four positions 
in order of rolling, and have been rolled 4 times in the East and 
4 times in the West roller. The final averages then, represent 
difference due only to manurial treatment. 

A difference of 3 02 pies is required for “20 to 1 on” chance 
of significance. On this basis, the teas from unmanured plots are 
significantly preferred to all except those from plots manured with 
40 or 80 lbs. nitrogen in one dose, or 40 lbs. in two doses. The 
teas from the 40 lbs. nitrogen in one dose is significantly preferred 
to the tea from plots manured with 120 lbs. nitrogen in one dose, 
or 80 lbs. nitrogen in two dos^ (second dose in June), 

The following table gives each taster’s averages for the 
complete set of 64 teas which he valued. 

Table IV. 

Individual average valuations of 6 Calcutta tasters. 


Valuations in annas and pies. 


Manoring 

traatmeiit 

Ibi. per acre. 

N P K 

Method of 

TAsniM. 

apidioaUofi 

A 

B 

G 

. 

E 

F 

0 0 0 

»*. 

11- <r7 


KKOO 


10.11*4 

12- 12 

40 20 so 

SO 40 40 

I2D 00 60 

1 onedoM 

1 in March 


10-2*7 

UK^O 

lO-W 

10.4*1 

10.W 

10.2^ 

10-11*2 
10. 0*7 
0-10*6 

10- 8*9 
10- 72 
10- 7*1 

12- 32 
11- 9*0 
11-102 

40 SO 20 

SO 40 40 

120 eo 00 

\ 2 deaei, I 

> Meroh and | 
] end of Jnne | 

11- M 
UK 8*4 

11. oe 

UMTO 

0.9*2 

10.1*6 

10-0*1 

O-W 

104M) 


10-11*0 
10- 82 
10- 8*0 

11- 8*2 
11- 9*4 
1110*6 

80 40 40 

SdoMk 

ManhAod 

inid*May 

10. 8« 

t-7-7 

10.M 

10. 1*4 

10- 0*7 

12- 1*1 

ATerage 

... 

10.1(H) 

10.0*5 

10-2*4 

UK 3*9 


1M12 

BigaiOkiani difftraoee in |^m 

... 


... 

TU 

227 

... 


Two only of the 6 tasters find significant differences due to 
manurial treatment. Taster D. makes nil and 40 lbs. nitrogen in 
one dose significantly better than 120 lbs. nitrogen in single or 
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divided doses, both sets ot 80 lbs, nitrogen in divided doses, and 40 
Jte. nitrogen m the divided dost', Tea from plots 1^) Hw. 
mtrogen m one dose is also significantly worse than that from 80 
IDS. mtrc^eti in one dose. 


Taster E makes the tea from unmanured plots signifjoanlly 
better than ail except 40 lbs, nitnigen in two doses, and 80 ll)s, 
in 2 doses (2nd. dose in May). TJio 40 lbs. nitrogen in 2 doses 
is also preferred significantly to 80 or 120 lbs. nitrogen in single 
doses and 120 lbs. nitrogen in the divided dose, 

The results of the London tasters are as follows 
Tabt.p! V. 


Average weekly valuations of four London 7’as/rr,s' in pence. 





I>ATKg OK 

MANfKACTtFlK, 



1 

Manuring 1 
series, I 

Jf;NK 



JllJ.V 



1 

Aversgo. 

1 

i 

! I 

^ 4th j 

18th 1 

25 th 

1 2iktt 

! mil 

(fitil : 

’ 23r(] 

3t)(li 


j 

1 1 

1 

14-4 

14X) 1 

i 

; 13*7 

' I4'(i 


M-4 

^ 14*7 

15*« ! 

1 U*i3 

•> 

j 16*1 

is-e 

j 13‘0 

, 135 

j 13S 

13-JJ 

Ui2 

US 

1 

1 U'2H 

s 

I4‘5 

13-3 

i 13'5 

1 

, 13-6 

13-8 

u-2 : 

14'5 

1 I6‘l j 

U-ft# * 

1 

4 

ISD 

13*4 

1 13-6 

: 13-6 

m 

13-.5 

13-6 

141 j 

)3'«:) 

5 

U'8 ' 

m 

i 13-8 

1 m 

U’2 

15-6 1 

1 

! 14*6 

I6*fi ; 

U‘38 

6 

U*7 

13*2 

j 136 

1 \n 

13-6 : 

i.vi 1 

U’4 

14-3 ! 

1 14-08 

1 ! 

U-9 

lS-4 

1 13*5 

13*5 

U'4 

13*4 ; 

14 ’3 

U'4 i 

! 

1 134W 

■ ^ 8 1 

14*2 ! 

13’r 

1 J3'4 

, 133 

, 14*5 

14*2 ! 

i 15*0 

; 14*0 i 

' 14-05 

Avenge ; 

W8 ; 

T3*5 

1" m 

13*6 

■ j 

14*3 i 

! 14‘5 

Cii^: 

1 

j mi 


Significant difference =!= 0'33d. 

The average results of the four fjondnn tasters show un- 
manured teas as being significantly preferable to teas manured 1vith 
mixtures supplying 80 lbs, or 120 lbs. nitrogen per acre, whether 
apjdifid as one dose in March or wlien half is ap^ied iu Mkrch and 
tho o^er half in May or June- The appUcatibn bf only 40 ibs. 
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nitrog^, in sini^'or divided dose, has produced teas not significant- 
ly poorer than unmanured teas, but significantly better &an teas 
from plots whidi had 120 lbs. nitrogen in one dose in March; the 
divided dose of 40 lbs. nitrogen produces teas which are also signi- 
ficantly better than those which had 120 lbs. nitrogen in two 
doses, one in March and the other in June. 


These results are^ substantially in agreement with the Calcutta 
tasters opinions. 


The individual results of the London Tasters are given in 
Table VT. 


Tablb VI. 


Individual valuations of 4 London tasters in pence. 


Manuring 


1 

Method of ^ 

appHoation, ! 


Tasters. 



lbs. per acre 
N P K 


H ' 

1 ^ ' 

K 

L 

Average. 

0 0 0 



14*8 

: 12*8 

14*0 

161 

14*43 

40 20 20' 



14*3 

12*8 

14*2 

15*8 

14*28 

80 40 40 


one dose in March 

: 14*4 


13'8 

161 

14*06 

120 60 60, 



i 14*5 

12*6 

13*5 


13*89 

40 20 201 


two doses March 

j 14*2 

13*1 

18*9 

16*1 

14*86 

80 40 40 

120 60 60 J 


and end of 
June. 

: 141 

13-1 

13*9 

16*2 

14*08 





13*1 

13*8 


13*98 

( 

80 40 40 


two doses, March 

141 

12*6 j 

14*2 

15*4 

14*05 



and mid' May. 






Average ... | 



13*91 

15*46 

14*14 


Tasters H, J and K make no significant differences between 
any of the 8 teas. Though the differences between best and worst 
teas are 0'8d. for taster H and 0*7d. for tasters J and K, the agree- 
ment between valuations of the eight successive sets of teas v^ch 
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Uiey valued, is not close enough to render any differenoee in their 
final averages significant. 

Taster L gets better agreement between his eight sets of 
valuations, and his results do show significant differences. His 
significant difference is Q'12d, He thus places the unmamireti 
teas and those manured with 40 lbs. nitrogen in single or (livi(ie<l 
doses, all significantly better than tlie teas jimmird with 80 lbs, 
nitrogen in a single dose and 120 lb>^. nitrogen in single or dividcii 
doses. The unmanured teas, and those manured with 40 lbs. 
nitrogen in the divided dose, are significantly preferred to teas 
manured vpith 80 lbs. nitrogen in the divided dose, (apiiliod half 
in March and half in either May or June). 

An idea of the effect of quantity of nitrogen on quality can be 
obtained by averaging all valuations for teas from plots manured 
with the four levels of nitrogen, combining single and divided 
applications. These are given below, for Calcutta and Tiondon 
tasters : — 


Quantity of 

Valuations, 

nitrogen 

Ibfl, per acre. 

Calcutta annas 
and ])iee. 

i London 
i j>6nce, 

nil 

lO-lM 

14*43 

40 

10- 9-4 

1 14*32 

80 

10- 

1 14*06 

120 

10- 7 4 

13*94 

i 


The above averages have been obtained from the final columns 
of tables II. (Calcutta tasters) and V. (London tasters). 

Only one set of 8 teas from unmanured ploto was manufactured . 
The above averages for these teas are therefore the same as thoM in 
the tables. For 40 and 120 lbs. nitrogen there are 16 valuahons 
available while for 80 lbs. nitrogen there are three seta of eight, 
f 24 valoationa. 
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Bjcombimiig in this way the Taluations of all teas whidi l^ve 
had the same amounts of nitrogen, the required sagnihcant difference 
when comparing any two sets, becomes less than it was when the 
averages of only 8 sets of teas were being compared. 

The significant differences required are as follows : — 

Comparing nil and 40 lbs. N : Significant difference = 2‘45p. 
(Calcutta) = 0’27d. (London), 

The actual difference is only 1'7 pies for Calcutta valuations, 
and O' lid. for the liondon valuations. 

It must be concluded that there has been no significant loss in 
quality from the application of a mixture supplying 40 lbs. nitrogen 
and 20 lbs. each of potash and phosphoric acid. 

Comparing nil and 80 lbs. N : Significant difference = 2*11 
pies (Calcutta) = 0*23d, (London). 

The actual differences are 3’8 pies (Calcutta) and 0'37d. 
(London). Thus 80 lbs. nitrogen (with 40 lbs. each of potash and 
phosphoric acid) is sufficient to reduce slightly, but significantly, 
the quality of the tea made. The valuations for the 120 lbs, dose 
of nitrogen are not siguificaiitly lower than those for 80 lbs. 

Comparing 40 lbs. N. with 80 lbs. N : Sig. Diff. = 1'90 pies 
(Galcutta) = 0 21d. (London). 

Both Calcutta and London significantly prefer the teas from 
the lighter application of manure. 

(h) Effect of Nitrogen in different forms, Organic and Inorganic. 

The leaf for this experiment was obtained from two adjoining 
blocks of tea at Borbhetta. Both were planted in 1921 from the 
same nursery of Tingamira (light leaf Assam) variety. One block, 
on which effects of various nitrogenous manures are being 
compared, was medium pruned at 18" in 1924 while the oilier 
block, devoted to comparison of the effects of various quantiti^ 
of cattle manure on yield, was ccdlar pruned at the sune time, and 
the cattle manure .block has always been slightly the better aihese 
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plsotiBg IB 1921, Thus although check plots of both blocks have 
had identical treatment since 1924, they cannot, in view of 
different pruning and slightly different soil, be assumed without 
proof to be giving the same quality leaf even ut tlic presold time. 
For this reason the unmauured elieck plot*^ of each block were 
included in the experiment. 

Eight samples of leaf \Yere manufaciuretl on each of eigiit 
occasions during June and July, and again on eiglit occasions 
during October, November and December, in 1934. 

The manuriai treatments of tlie plots from whicii llie eight 
samplft5 of leaf were taken, and their yields in 1934, were aa 
follows : — 

Table VII. 



Mannriug. 

Mda, tea 
, )>er acre. 


1. 

I 

1 

Un manured "a ... 

1 

6'58 


2, 

Sulphate of ammonia | 

11-61 


3, 

Calcium eyauaraide 

U‘15 

from the block whicli \v»» 
medium jmmeJ in 192.1 

4. 

Oilcake •.< ! 

10*07 

and since top pruned. 

6, 

Blood meal ... 1 

} 

11-05 


6, 

! 

Horn meal 

11-26 


T. 

Unmanured " b ... 

' 7-67 

j from the block wliich rvaa 

1 collar pruned in 1923, 

k. 

5 tons cattle manure ' 

10'33 

[ and since top pruned, 


These treatments with the exception of Ko. 8 had been 
applied annually for 2 years previous to the expeiimnnlal manu- 
facture, in quantities to supply 60 ibs. nitrogen per acre per 
annum. The cattle manure application had been made throe 
times in the previous four years. 

The results of the experiment are consider^ first for the 
second flush period, in which foot tasters in India gave comp e e 
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vaiuations^ while incomplete results were obtained frem three 
liondon tasters : secondly for the autumnal period, when five sets 
of valuations were obtained from tasters in India and three 
complete and one incomplete from London, 

Table VILE. 

Average weekly Cdcutia valuations for ** second flush'* period. 
Averages of 4 tasters' valuations in anim and pies. 


Datk6 or Manupacttbi. 


Makori. 


Jvvs. 



Jolt. 


Auci. 

r 


1 8th 

1 

16th 

22nd 

29th 

13th 

20tb 

1 27th 

4tb 


Nil A 

IMLO 

ll-<h7 

10- 8-4 

11- 9*6 

11- 7*9 

11- 9*6 

lMO-6 

10- 8*2 

11-6-2 

Nil U 

U- 7-7 

10-1*1 

11- 6-5 

U- 4-6 

1-2 0-7 

11- 3*7 

11- 3*0 

10- «*6 

11-3*9 

Oiloftke 

IL e*8 

11-6*6 

11- 1-2 

lMl-7 

11- 7-5 

ll- 6*0 

11-11-7 

10- 7-0 

11-6*7 

Blood mefti ' 

12- 0*0 

11.2-0 

11- 1-2 

1 11- 0*0 

1 

11- 7-4 

ll*IO-‘2 

11- 2*2 

lO-ll-O 

11-5-4 

Horn meal 

11* 6*9 

11-8-2 

11- 8*9 

11-10*2 

11- 9-5 

lO-U-2 

11- 9i2 

lO-ll-O 

11-4*9 

Cattle ma* 
nare 

12. 3-0 

11^4-2 

11- OH) 

11-10*6 

11- 7-7 

U- 4-0 j 

11- 6*0 

! 10- 6-6 

11-5-3 

Sulphate of 
ammonia 

12- 0*9 

11.8-2 

11. 0-6 

I 11- 4-7 

ll-n-4 

11- 2’4 1 

11- 9-2 

10. 6-2 

11-5-5 

U A 1 0 i u m 
oyanamlde 

11- 7*5 

i 

11-0-9 

10- 7-5 j 

11.11-2 

! 11- 8-7 ■ 

11* 4-6 1 

11- 5-7 

10* 8*7 

113-5 

Average ... 

1 11- 9*9 

11-3-6 

10-11*7 1 

11- 9*0 

11- 9-1 

11* 1-9 

11- 7-2 

10- 9*2 

11-5*0 


Analysis of variance valuations of 4 tasters. 


1 

Vaiiaace due to 

i 

Sums of 
squares. 



Degrees of 
freedom. 

Mean squares 

! 

Manuriug ... ... 1 

2249*61 


321*37 

Date of manufacture ... j 

87288*36 

7 

12462*62 

Order of manufacture ... ! 

8108-30 

3 

2'f02-76 

Holler action ... ... | 

8645*14 

1 

\ 

1 3646'14 

InteraotioQ of order and rollers j 

3815*42 

3 

1271-81 

Residual causes ... 

16033*90 

42 

381-73 

Total ... 1 

L 

121090*73 

63 
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The mean square of residual variance is actually larger than 
that for manuring, thus indicating that manuring in different forms 
has made no significant difference to the value of the teas. 

The average individual valuations of each of the four tasters in 
India, and the average of ail four together, is given below 

Table IX 


Individual tasters' cal uut ions hi and far 
''Second finsh" teas. 


Kfnd of manure. 

A 

Tastehs. 

R C 

1) 

A vpmue of 
all 4 tasters. 

Ko manure A. 

ll-tO'O n- 0*9 

10-9*3 

1 1-2-0 

11-5-2 

No manure B. 

11- 9-0 

11-10*5 

10-7-7 

11 0*1 

lK3-<) 

Oilcake ... 

12- 2-5 

11- 8*5 

10-0*4 

11-2*3 

11-5*7 

Blood meal 

lUIO-0 

U-ll’l 

10-9*4 

1U3-0 

M-5 4 

Horn meal ... 

11- 8’0 

U- 9*4 

10-8*9 

11 -.V2 

11-4-9 

Cattle manure 

;I2- 0-0 

[Ull‘6 

IO-S‘9 

n^i'3 1 

' 1 1 -5*3 

Sulphate of ammonia ... 

12- 1*0 

ll-10'9 

10-8*0 i 

I n -1-4 i 

i j 

115 5 

Calcium cyanamide ... 

j 

O 

11- 9*6 

10-8-7 1 

II^I’O i 

11-3*5 

Average 

iii-iys 

n-10‘3 ' 

10-8*9 , 

1 

11-2*2 ^ 

11-5*0 


None of the four tasters makes significant dilTcrences due t<i 
different forms of manuring. 

The teas were sent also to three London broktM's, hnt only 7 
out of the 8 sets were valued. Thus the results are not capable of 
statistical examination to the same degree of acciiriicy as those of 
the Calcutta brokers. The average valuations of 7 srds are given 
however, for each of the three tasters. 


:< w i 


Table X. 

London toilers* valuations in shillings and pence, for 
** Second fiush** teas. 


•Kind of manure. 

Tasters. 

Average. 

H 

J 

K 

No manure A 

1-2*6 

1-0*8 

1-2*1 

1-1*8 

No manure B 

1-2*5 

1-1*5 

1-21 

1-2-0 

Oilcake 

1-3-3 

1-1*2 

1-2*6 

- 1-24 

Blood meal ... 

1-3M 

1-1*2 

1-2-7 

1-2*3 

Horn meal ... 

l-3‘0 

1-1*2 

1-2-2 

1-2*2 

Cattle manure 

1-2*2 

1-0*7 i 

1“2*1 i 

1-1*7 

Sulphate of ammonia ... 

1-3*1 

1-1*9 

' 1-2*5 i 

1-2*5 

Calcium c^^anamide ... 

1-3*5 

1-1*5 

1-2*8 ^ 

1-2*6 

Average 

• 1-2-8 

1 1-1*3 

1-2*7 

1 : 

1-2*2 


There is certainly no indication that unmanured teas are 
preferable to the manured teas, or that the teas manured with 
organic manures are preferable to those manured with inorganic 
manures. 

The experiment was repeated during the late rains and 
autumnal period i.e. October and November. Valuations were 
obtained from 5 Calcutta brokers and from 4 London brokers. 

Table XI. 

Average Weekly Calcutta valuations in annas and pies, 
for Autumnal** teas 


Dat£S nr MANarAcrrBi. 


Manuring 

treatment. 


October, 


November. 

Deo. 

4> 


5tli 

]2Lh 

19th 

26th 

2nd 

16lh 

27th 

nth 

► 

< 

Nil A. ... 

9- 6*2 

9-9*2 

9-8*fi 

9-8*4 

10-9*6 

10-7*8 

n- 0*0 

12-10*4 

10-6*0 

NilB. ... 

9. 8*6 

9-8*0 

9>5‘8 

9-9*2 

10-4*8 

10-9*0 

11- 5*8 

12- 6*6 

10-6*6 

Oilo^ke ... 

9- 7*8 

9^*6 

9-6*8 

9-9*8 

10-3*6 

10-4*2 

11- 3*6 

12- 7*4 

10-5*0 

Blood meal 

9- 9*0 

9-7*8 

9-7*8 

9-9*2 

10-5*8 

10-7*0 

11- 4*6 

13- 3*6 

10-6-9 

Horn meal 

9* 8*8 

9-7*2 

9-8*4 

9-7*6 1 

104*2 

10-1*8 

11- 1*0 

12 2*8 

10-3*5 

Cattle 

manure 

9- 8*8 

9-6*6 

96*8 

9-9*4 

10-0*8 

10-4*4 

10- 9*8 

12-11*8 

10-4*2 

Sulphate of ; 
ammonia. 

9-11*2 

9^*4 

' 0-7*6 

9-7*8 

10-7*4 ' 

10-2*6 

10-11*8 

12- 8“2 

10-4*3 

O-loium 

ojanamide 

9- 7*8 

9-7*4 

9-8*0 

9-9*2 ^ 

1 10-6'6 

10-9*4 

11- 4*0 

12- 3*8 

10-5*3 

Avaraffe . . 

j 9- 8*5 

"^7*6 

9-7-S 

9-8*8 i 

1 10-5*1 1 




10-5*1 
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The analysis of variance shows that variance due (o treatment 
is small compared with tlte residual variance and the dilTereneea 
between the average valuations for the different forms of manuring 
are not significant. 

The individual results for each ef the 5 (asfors in (’slcutta 
are given below. 

Taohr XTT, 


Individual valuations of 5 Cakutta Tasters for "auiummil' ’ trfjs* 


Marinring trMtm«nt9. 


Tas^tkrs 





0. 

K. 

F. 

0. 

.Averd^ri, 

No lUftnan A ... 

9-9'4 

10- 9-0 

11*71 

10* 0-9 

10 :}-o 

10«-t» 

10..V8 

„ B 

9*8U 

io.io-> 

114N 

10- 1-0 

10 '>“2 

OUoake ... ' 

8*91 

10- 8-7 

u-o-0 

10* l-l) 

I 10 -Jll ’ 


Blood meftt 

8-8-4 

ll- 2-1 

118-5 

10. 1-:) j 

: 

lO-U'O 

Horn meal 

9-4-9 

10. 4-4 


' to (N , 

S to '2-0 

Ifi-TA 

Cattle oMntiM 

9.6'6 

10* 6-1 

IMV4 

otl-l 1 

t tO.V.’l 

10-4-2 

SuIpbAto of ftmmoniii ... 

9..V4 ^ 

10- 6-7 

u yi 

I )0- 1-0 

i ]o.'2':> 


CAleium oyanainide ... 

i 9-4-9 

11 . 0-0 


1 10- (H 

104-1 

lO-.VS 

Average 

[ 9-7-a 

10* 8-H 

11*8-1 

j 10- (1-H 

10. -01 

II) .VI 


Again none of the tasters inal<es any significant din’oronce 
between teas manured with dilTerent forms of nitnjgon. 


The average valuations of tliroe London tasters arc nou' 
considered. Valuations from Taster H were givt^i on only 7 out 
of the 8 sets of tea. From his results no variances for rollc'r aotifin 
or order of rolling can be extracted, bo that, aithougli his rf'snlis 
show significant differences, they must be regarded wiili caution. 
His average valuations were as follows 


Avetage valuations oj taster H on 7 sets of * autumnu/ teas. 


MsDure. 

! 

Valuations. 

8, d. 

1 

Manure. 

Valuationi. 
ft, d. 

No manure A 

i-1'9 

1 

Hortt meal ••• j 

1 - 2-4 

No manure B ^ 

1-1*8 

Cattle manure 1 

j 

1 . 0‘9 

Oilcake 

1 . 2*2 

Sulphate o! ammonia | 

1 . 2'2 

Blood meal 

M-d 

Calcium cyanamlde ... 

l . 2'9 
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The significuuit differenoe is 0'84d; he there&»e pi;pfer8 the 
tea manured with cyanamide to any except those manured with 
oilcake, horn meal or sulphate of ammonia. The teas m^ured with 
cattle manure are valu^ significantly lower than all except the 
unmanured (a) and blood meal teas. The results of the three 
tasters who gave full valuations are as follows : — 

Table XIII. 

Average Weehly London valuations in shillings and pence 
on teas. 


]>ATl8 or MAHtJFAOrrKB. 


iiMaaring 

trefttnenU. 


October, 


1 1 

1 November. ^ 

l)»a , 

Aver- 

age. 


6tb 

12th 

19th 

26th 

ead 

16th 

27th 

11th 1 

No manaro 
A 

i.1’2 

1.0-8 

l.fr7 

M-0 

1-om 

1-0*1 

1-07 

1 

M7 i 

14m 

No manaro 










B ... 

1-17 

M-2 

1.^-4 

0-11-9 

M-1 


mssM 

M7 

1-0*78 

Oilcake ... 

113 



10*6 



M-l 1 

1-0-9 

1-071 

Blood m«al 

1.0-0 


1-0-4 

1-0 -0 



■£21 

1-2-1 

l-0*66 

Horn meal 

1.1-2 

1-0-2 


1-0*7 



i M-4 

1-0*8 

1-0*72 

Cattle 










manure 

10-0 

1.0*8 


1-0 *6 

10-2 


l-Ori j 

1-02 

1-0*31 

Sulphate of 


i 


i 






amrooma... 

M-2 

M-2 


mESM 


MH) 

ll-l 

1-07 

1.074 

Oaloium 





1 





oyanamfde 

J.0-6 

M-5 




1*0*6 

M-4 

M-6 


Average ... 

1-0-8 

1-07 

1-0-4 

1 1-0*6 

1.0*5 

1*0-5 

1-0-9 

1-M 



Analysis of variance. 


Variance due to 

Sums of 
squares. 

Degrees of 
freedom. 

Mean squares. 

Manuring 

305'24 

7 

43*61 

Date of manu^cture 

724*11 

7 

103*44 

Order of manufacture 

55'80 

3 

ia-60 

Roller action ... 

Interaction of order and 

92*64 

1 

92*64 

rollen 

3*92 

3 

1*31 

Residual causes 

1109*53 

42 

26^1 

Total ... i 

<391*24 

63 
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Thotoaean square of variance duo to manuring must Im about 
times that for residual variance in order that any valuation due 
to treatment difference shall be significantly different from any 
other. See appendix page 56. 

The mean square of manuring viirianoe is oiily alK)\il 1 1 times 
the residual variance, and tinis it must Ik? concluded ((uit the tlirtv 
London tasters are in agreement Math the five Calcutta tasters in 
being unable to detect any significant difference In quality n^sulting 
from the use of different forms of nitrogenous manun\ (Organic or 
inorganic ; and further, have failed to find any preference for 
unmanured tea as compared with tea mamirH with the equivalent 
of 60 lbs. per acre of nitrogen. 

The individual results of the tluee London tasters are as 
follows, each valuation being the average ol the particular iusiers’ 
own valuations of 8 samples manured in the same M'ay. 

Table XIV. 

Individual valuations in shillings ,i prnce oj flircc Lotirfon 
Tasters on ''AntuvimV Tens, 


Manuring. 


Manure A ... 

Manure B 
Oilcake 
Blood meal ... 

Horn meal ... 

Cattle manure 
Sulphate of ammonia 
Cal eyauamide 
Average 


Tasters. 

A veragr. 

J 1 

K 

I. 


1-1-0 

1-0*6 

1- 1*0 

1-0*9 

M'l 

1-0*8 

1- 0*5 

I-OO 

M*0 

M-O 

1- 0*2 

1.0*7 

1-0*7 

1-0*7 

1- C-3 

1-0*6 

1-VO 

l-W 

1- 0*2 

1-0*7 

l^'7 

1 l-O't 

041‘8 

l.Q'8 

1-0*9 

MO 

1- 0*3 

1-0*7 

M‘2 

l-O-fl 

1- 0*5 

1 1-0*9 

X.0*9 

1 To-s 

1- 

_ 

’ ~ 1-0-7 



I sa I 


Individually, none of the 3 taaters makes any significant 
differences between his average valuations of teas manured witii 
different kinds of nitrogenous manure. 

(c) The ejfect of Phoephoric Acid and Potash on Quality, 

It has always been guessed, though without definite evidence, 
that ‘‘balanced" manuring is necessary in order to maintain 
Quality. By a "balanced" manure is usuaHy meant one which 
supplies the important plant foods, — ^nitrogen, phosphoric acid and 
potash, in such proportions as are required to maintain an adequate 
supply of these constituents to the plant, in available form. 

For soils containing a high percentage of available phosphoric 
acid and only normal or low in potash and nitrogen, a balanced 
mixture would be one containing nitrogen and potash with little 
or no phosphoric acid. On a "grazing land" soil, Oike that at 
Borbhetta on which the leaf for these manufacture experiments was 
grown,) which is very low, by analytical tests, in nitrogen and 
available potash and phosphoric acid, a balanced manure would 
be expected to be one containing all three constituents. 

With the object of determining the individual and collective 
effects of these three plant foods on both crop and quality, experi- 
ments have been in progress at Borbhetta for a number of years. 
As far as crop is concerned, both potash and phosphoric acid have 
had little effect on yield, thus indicating that there is enough of 
these constituents in the soil, to supply the needs of the bush. At 
the same time, though the bushes on the plots getting nitrogen 
only, do not seem either in appearance or in productive capacity, 
to be suffering any shortage, the quality of leaf produced might be 
suffering from lack of either mineral. 

In 1932, leaf from plots manured with nitrogen, phosphoric 
acid and potash in different combinations, was manufactured 
several times throughout the season. None of the experiments 
was designed on a plan which allowed of the results being statisti- 
cally examined, and no’ valuations were obtained from the tasters, 
who simply gave their opinions on the relative characteristics'^f 
the liquors, 
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Kfiv^rtheless the results are of interest nn<l may l>e summarised 
As follows : — 

1. During June and July loaf was manufactured sc'parately 
on four occasions from tlie plots manurd as lioiow 

MaNUHK mis. VkK ACltK. 



Nitrogen. 

P)io?{j)horic aciil 

Potash. 

A 

40 

0 

0 

B 

40 

60 

0 

C 

40 

0 

60 


On each of the four occasions rneli (J two tasters jneked o\it 
B (with phosphoric acid) as sufxdpr in <|iiality and llavoiir to 
either of the others, valuations being very roughly csliujatt'd at 
from 2d. to 4d. higher. One taster on each oeeasiun ]>it'ked C’ 
more pungent than the other two, but did not always like it on that 
account, pungency appearing to mask ilavoitr. 

During this period when the “greendly stunt” was severe, 
and crops were about 40% less than in tlu' f)reviou8 season, all the 
teas made were of very good "second fUish quality", with tlavour. 

2. During the remainder of the season, loaf was s(‘p:iniiely 
manufactured on 11 other occasions. 


Teas from leaf manured as below wt‘rc eompared. 

Manure im . ter acre. 
Nitrogen. Plioupfiorie aeid. Pola»<lf. 
On eight occasions : — 


A 40 

B 40 

C 40 

D 40 


0 0 
60 

0 60 
60 60 


On two occasions : — 


A 

B 

C 

D 

On one occasion : — 

A 

B 

0 


40 

40 

40 

40 


40 

40 

40 


0 

15 0 
30 


0 

0 

0 


0 

30 

60 
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On all 11 occasions reports were to the effect that differences 
were slight. Samples were sent to as many as five tasters but no 
two ever agreed on the order of preference. In October and 
November when autumnal character appeared (although the teas 
never showed stand-out flavour) there was some measure of agree- 
ment on preference for the ‘Equality” of teas manured with 
pliosphoric acid, but their superiority, if any, was slight. There 
was also some measure of agreement on preference for “thickness 
and body“ of tea manured with |x>tash, but here again indications 
were indefinite. 

In 1933 exj)eriments were better designed but were still not 
of the same degree of accuracy as those carried out in 1934, Yalua- 
tions were obtained in most cases, but as tliese were incomplete, a 
method of assessing the relative order of merit of the teas was 
relied on. A complete account of the experiments appears in the 
Annual Report of tl»e Scientific Department for 1933. 


The leaf from 4 sets of plots, manured according to the follow- 
ing plan, was manufactured 19 times during the 1983 season. 


SRR1E.S. 

i Manuring LBS. PER ACRE. 

1 Marked aft 

Nitrogen. 

I Phosphoric 

I acid. 

1 I 

I Pota«ii. 1 

1 

■ 40 

0 

0 

N 

2 

40 

0 

60 

NK 

3 

40 1 

60 

0 

NP 

4 ^ 

1 

40 1 

GO 

60 

NPK 


There were 4 occasions of manufacture in the second flush 
period, 4 in the rains and 4 in tlie autumnal period. The average 
valuations obtained for each set of 4 is given below : — 


Manuring. 

1 Valuation in annas. 

Second flusii. j 

Rainft. i 

Autumnal. 

Average over 
whole season. 

N. 

12*5 

11-6 

11-4 

U'S 

N. K. 

13‘3 

11-36 

1 M 6 

i 11‘9 

N. P. 

13 *+ 

12*1 

1 11-5 

1 12 ^ 

N. P. K. 

13-75 

11*9 

11-3 

1 i 

12-3 


The above are averages of three tasters’ valuations in each case. 
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The season 1933, in inarketi contract to VM. was a |KX>r one 
for ^coud 3ush teas and the effect of plios^ihoric acid in improving 
the quality and flavour of such leas was not apiwrent in 1933, as it 
was in 1932, when good (pialitv lens wtuv uiade in Jnne. 

Although the evidetic(* obtained trniri this e\pt‘riinenf is iu»l 
perfectly clear, there i\]v indicatituis tliat. 

(1) Pliosphoric add iinpnwed (piality. 

(2) Potash has a slight effect in the other ilirection. 

In 1934 two exj)ei'inicnts licsigiusl on llu' liatin s(|uarc s\s(ein 
were carried out, one in the s<H*on(l fhisli pcrio<l and nnoflicr<inriii^ 
the rains period. 

(1) The effect of vanjiiuj {juanfitu's oj phosphyrir add wilh and 
without (I cousfaut tfunniihi of po/a.vli. 

The leaf for the exiK‘riinptit was <il)tain(‘<l fnnu part <if the 
Tingainira 0-acre block windi is devoted to experinient on the 
effect of varyiitg com hi nations of [xdash and plKJS[)ltate manures 
on the yield of tea. The oxjMwimcnl in I In' licid includes li» plol- 
sets of 8 1)1 ots each. 

Leaf fronv ciglit of th(‘ [)lot-S(ds uas titaitulacliir<*<l urdviy on 
eight successive occasions during June ajn) duly. Tlie majiure 
mixtures applied to these, eight series \\c\ o sjjcIj as to supply ID Ihs, 
nitrogen jyer acre (as sul})ha(e of animonial, (ogelher with (piaio 
tities of su|>erplu)sp!iate to supply phosjdioid’ add varying Ironi 9 
to 60 lbs. |>er acre, both in the absence of potash and with snlplinl<‘ 
of potash to ^iUpply 30 ibs. potash per acre (see table lu'low). 


> LOT-SET. 

Mtinure to supply Hw. 
j)er acre. 

[> : K. 

2 1 

40 0 ; 

‘ 0 

5 

40 15 ' 

0 

9 

40 30 

! 0 

.13 

40 00 1 

1 0 

‘ 3 

• 40 0 1 

HO 

7 

40 IS 

; 30 

11 

40 30 ; 

HO 

15 

40 BO 

30 
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The order of manufacture and the choice of roller was rando- 
mised for each set of four samples, those however from plots getting 
no potash being always manufactured before the four sets from 
plots to which potash had been applied. Thus the experiment is 
really resolved into two separate experiments, viz (i) varying 
phosphoric acid, no potash, and (2) varying phosphoric acid with 
30 ibs. potash. 

The two experiments were each arranged on a double Latin 
square plan so that^ach sample occupied during the eight occasions, 
every position in order of manufacture four times (twice in June and 
twice in July), and was rolled an equal number of times in each 
roller (twice each month). 

The teas were sent to 4 tasters in India from whom complete 
valuations were obtained, and to three London tasters, from whom 
only 7 sets of valuations were obtained, those of the first manu- 
facture being the missing ones. The tables below give the average 
valuations for Calcutta and London, for each set of teas, and for 
each taster individually. 


Table XV. 


Average valuations of 4 Calcutta Tasters in annas and pies. 


Mnniiring 

Date of Mahofackheie. 


Ibff. per acre. 

Jdne. 


1 Aver- 
age. 

N. P. K. 

1 5ih 

1 

!2th 

Idth { 

i 

1 

mh 

3rd 

10th 

17tb 

. 24th 

1 


40 0 0 

11-21 

11. 6*7 


12- 8*1 

11.2-6 

12- 0*2 

n- 0-6 

! 11- 9*2 

11-6*2 

40 15 0 

11-3-0 1 





i 12- 0*6 


11- **6 

11-6*9 

40 TO 0 

11.2*6 

11- 5-0 




1 lin*5 

11- 1*6 

n-n*6 

11-7-8 

40 60 0 

11 -4 ‘5 


ll- 6*5 

11-11 5 

11.5*5 1 


n. 0*5 


It 6*4 

40 0 TO 

11-7-6 


11- 1-Oj 

12- 6-0 

11-3*5 

il- M 

iO- 1 

12- 5*0 

ll-7«9 

40 15 TO 

11-0*6 


11- 16 

12. 7*0 

11-1-6 

12- 3^ 



ll-6<9 

40 TO 30 



U- 9*5 

11 11-6 

11-6 -5 

12- 1*5 

11- 4*6 

: 11- 4*6 

11-8*1 

40 60 30 

11-4-5 

n- 8*0 

11- 4-0 

i 

IMO‘6 

11-64) 

11- 4*0 

11- 1*5 

* n- 4-0 

i 

11-5*2 
















The ^ffer^ in the final average between the beat anfi woret 
^ 1 6 pm for the ''no potash’* teas, and 2'9 pies for 

po^ tea^ These differences are a long way from being 
significant. There are indications that a moderate dose of phos 
phone acid, without potash, has iraproved quality slightly. There 
is also 8 tendency for the heavy dose of phosphoric acid, to give a 
poorer tea than a moderate dose of phosphoric acid, whether potash 
is also present or not* 

The resets of these tasters taken individually also indicate no 
significant differences. Their averages are given below. 


Table XYI. 


Individual valuations of 4 Calcutta tasters in mm and 


Ibe. per acre 


Tasters. 


N. 

P. 

K, 

A 

« * 

c 

i 

Average 

• 40 

0 

0 

U-109 

^ lMO-2 : 

10-10*0 

1 1.5-6 

11-6 2 

40 

15 

0 1 

12- 1*9 

n.ni 

10' 9*0 

H.5’6 

U-6*9 

40 

30 

0 1 

12- 4*5 

a-U'2 

10- 9*8 1 

n-5'6 

11 -7*8 

40 

60 

0 

12- on 

12- 0-4 

10- 9'9 

11-3 3 

U.6'4 

Average ••• 

12- i'S 

n-U'2 

10- 9 7 

11-50 

U-6« 

40 

0 

30 

12- 6-7 

11-10*5 

lO'IO'S 

M-4i 1 

11-7 9 

40 

16 

30 

12- 0 0 

1 12- 2*2 i 

: 10.I0'2 

11.34 

11-69 

40 

30 

30 

12- T'l 

12- 0*0 ' 

^ 10-10*9 

n-*2‘fi 

11-8*1 

40 

60 

30 

12- 0-7 

1 U- 9*4 1 

I 1 

10-10*9 

11-00 

11-52 

Average 


1 12- S-C 

1 11.11-5 

10.10*6 

n-2 5 

U-71 

There are no significant differences 

in any 

of the 

sets of 


valuations for individual tasters. 


As regards the opinion of the London brokers on these teas, 
complete valuations were received from only one taster. The first 
set of teas sent to tasters J and K suffered damage in the post, and 
their average figures therefore are based on only 7 out of the H sets 
of teas. This is particularly unfortunate, as the one taster who 
did give complete valuations, makes significant differences. The 
oOier two tasters might also have found significant differences 
had th^ been able to value all the seta of teas. 




TAtoXvn. 

Individual valuatiom of $ Landim iatier^ in thtlKftff and pence. 


Masaring 

Ibt, per tore. 


TASTBRa 


Avenge. 

N. 

P. 

R. 

H 1 

J 

K 


40 

0 

0 

1-3-2 

M-2 

1-21 

i 1-2-2 

40 

15 

0 

1-3-6 

M-4 

1-1-8 

1.2-3 

40 

30 

0 

1-8-2 

M-9 

1.1-9 

1-2-3 

40 

60 

0 

1-8-8 

1-1-7 

1 

1-2-1 

1-2-5 


l-8‘4 



1-2-3 

40 

0 

80 

i 

1-3-0 1 

1.1'6 

1-1'8 

1-2-1 

40 

15 

30 

1-2-5 

la-o 

1-2-1 

M'9 

40 

30 

so 

1-2*6 

1-1-1 

1-1-7 

M-8 

40 

60 

80 ! 

1-2*4 

1-0-7 

1-1-5 1 

1-1-6 

Average 

1-2-6 

l-M 

1-1*8 

1.1*8 


There are no significant differences in the above valuations 
except in the case of Taster H, for the teas manured with varying 
quantities of phosphoric acid with no potash. His significant 
difference in this case is 0*38d. and he finds a significant difference 
in favour of the teas from the manuring with 40 lbs. nitrogen and 
60 lbs. phosphoric acid, as compared with the teas from 40 lbs, 
nitrogen and either no phosphoric acid or 30 lbs. phosphoric acid. 

Only 7 out of the 8 sets of samples were valued by tasters J 
and K and on these 7 sets, averages for which are given alone, they 
find no significant differences between averages of valuations for 
the various combinations of potash and phosphoric acid. The 
average valuations for all the three tasters indicate that the 8 
different forms of manuring have on the whole produced teas as 
nearly alike as makes no matter. The maximum difference for 
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‘*iio petaaih" teas is Jd. and for the "pota^** teas Jd. Thm 
diff^renoes are well within the margin of error. 

(2) Varying gtwntities of potash with and icithoiit 
pfcojpHoric acid. 

This experiment occupied the period from the beginning of 
August to the middle of September. Leaf from the following 
series of plots of the Tingamira experiment was manufactured on 
eight occasions. 



Manuring lbs. psh acbk. 

Skbibs. 

Nitrogen. | 

PhoBphoric 

Acid. 

Potasb. 

1 

0 

0 

0 

2 1 

1 40 

0 

0 

3 

1 40 

0 

30 

4 

40 

I 0 

60 

9 

40 

i 30 

0 

10 

40 

i 30 

15 

n 

40 

30 

30 

12 

40 

1 

00 


It was possible to obtain complete valuations from only two 
tasters in India ; full sets of valuations were obtained from 4 IriBlcrs 
in London. The average valuations for all 6 (aslcrH are given 

below. 

Tatit.r will. 




i mi 

Neither of tte itoAm in nor tasters H» J ^or £ in 
London make any significant diff^wces due to manurial treatment. 
The combined averages of the tasters A and C also do not show 
significant differences. 

Taster L does give significant results. The significwt differ- 
ence required is 0'64d. which makes the teas masrood waih 40 lbs. 
nitrogen, 80 lbs. phosphoric acid and no potash mf^ificantly better 
than any except the teas manured with 40 lbs. nitrogen and 30 lbs. 
each of phosphoric acid and potash. The combined results of all 
four London tasters show significant differences. The significant 
difference required is 0‘36d. Keferring to the average valuations 
for the London testers, the following manurial treatments give 
almost identical valuations : — 



Nitrogen. 

Phosphoric acid. 

Potash. 

(a) 

0 

0 

0 

(6) 

40 

0 

0 

W 

40 

0 

60 

(f) 

40 

30 

15 

(9) 

40 

30 

30 


It is interesting that the unmanured samples are not preferred, 
although the actual yield given by the unmanured plots is only 
about two-thirds that of manured plots. Both samples with heavy 
doses of potash (60 lbs. per acre), get valuations either significantly 
worse than the rest, or very close to significance. 

As in the 1933 experiments, the effect of phosphoric acid with- 
out potash is not on a 20 to 1 level of significance, but again the 
difference in favour of phosphoric acid is suggestive. 

All four tasters place the heavy potash teas last and this at 
any rate seems definite, and again agrees with the 1933 results. 

Summary of Results of Manuring Experiments. 

1. There is definite evidence that very Imrge applications (as 
for example quantiti^ supplying 120 lbs. nitrogen p^ acre) of 
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inorg^femnures reduce the quality of second flush teas. There 
8 no ^finite indication that loss of quality results fn>m the .,>,>1^ 
tion of inorganic manures providing up to 41) Iba. nitrogen per ai-ro 
a quMtity which has given twice the crop d iecojflulio, a’. 

was obtained from unmanured plots. 

2. No evidence has been obtained that organic maimrea have 
any different effect on quality of tea as compared with inorganic 
manure. Tea made from plots manured witli sulphate of 
aninioiiiai or cyanamide has, as often as not, been proferre<l to that 
made from plots getting the same equivalent qnaniiiv of manure 
in various organic forms. 

S. From a number of experiments on the elTect of potash a/jd 
phosphoric acid on quality, in no case imve results of a really 
definite nature resulted. Indications have houever, in enoli caw, 
been obtained, that phosphoric acid tends to improve (jualiiv, u liih‘ 
potash has a slight effect in the opposite direction. 

IL Effect of different stvi.rs of pluckino. 

Many different systems of plucking are, or have been, practised 
and it is by no means certain that any two systenis will result in 
tias of equal quality, even thongli the crop from IxUh may not 
differ materially. Firstly there arc variations of '’fineness'’ (d 
plucking, involving the number of leaves of which the average 
shoot plucked and manufactiircd, shall consist. Tn actual practice 
this consists of from one leaf (in a very few instances) to 4 or 
(again in rare cases,) 5 open leaves, tin sojuc good quality 
gardens, in Assam more especially, the nonnai phicking cc^isists of 
large “one leaf and a bud” shoots, and all “two and a bud shoots 
which are “ready “ after 5, 6 or 7 days from the prcAious plucking 
round. Rarely on these gardens do slioots with three open leaves 
find their way into a basket. In a more common form of pivwkmg, 
specially on gardens with an average of l(?ss than about JJ pluckcrs 
per acre, the plucking consists of shoots witli two and three leaves^ 
There may be enough labour to get round the garden in 7 days but 
it may be impracticable, either for reasons of economy or Jot ^ 
of that extra necessary labour, to keep rigidly to a an a u 
standard, with the consequent breaking back of long shoots te i hj 
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[ducking IcTel. The result is that everything * ‘ready’’ in 7 days 
is plucked and manufactured, excq>t riboots with only one open 
leaf. This style of plucking is referred to sul^equently as 
“Coarse” plucking. On very poorly lalx)ured gardens, where the 
normal round of plucking is seldom less than 9 or 10 days, practi- 
cally everything which is “ready” after this interval from the last 
plucking, is taken for manufacture, and an analysis of the average 
leaf basket would show a majority of shoots with three leaves ; in 
addition double hanjhi shoots, shoots of two leaves and shoots of four 
leaves would be present in proportion varying according to 
seasonal conditions. In order to obtain information on the relative 
quality of teas made from the various degrees of fineness of pluck- 
ing, five standards of fineness have been employed in our experi- 
ments. 

These are : — 

1. Superfine plucking, consisting of all shoots with one or 

two open leaves. 

2, Fine plucking, consisting of shoots with one large leaf, 

all “ready” shoots with two leaves, and single soft 
hanjhis, 

3, Medium plucking, consisting of nothing but shoots wijh 

two open leaves. 

4. Coarse plucking, in which every shoot which is ready 

in 7 days, except those with only one leaf, is plucked. 

6. Very coarse plucking, in which no shoots with less than 
three leaves are regarded as ready, and are plucked 
for manufacture. 

Another debated point in connection with plucking is the 
effect on quality of the inclusion or non-inclusion of the hanjhi 
shoot. This type of shoot is the result of temporary cessation of 
active growth of a shoot. The uppermost lea! having opened, 
grows slowly and “hardens up” without another leaf taking its 
place. It becomes in appearance and texture, though not neces- 
sarily in size, like a third or fourth leaf on a normally growing 
shoot. Does this leaf give the coarse liquor character which a 
normal fourth leaf^dpes, or does it impart quality or even flavour 
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to the liquor? In the 1934 plucking experiment double 
shoots were plucked and manufactured separately off certain plots, 
and the resulting teas uere compared with (liose from oihor \y\>OH 
of shoot. 

Another factoi in connection with plucking and (|uali(y about 
which little definite information is available, is tiial df doseriess of 
plucking, that is, the closeness which Ihe plucking level is 
maintained throughout the season, to the {irigjjial lipping level. 
A shoot breaking from the axil of a leaf helow’ the li|)ping level, 
produces a tiny janm leaf, which as often as not falls off lenving 
merely a scar on the stem, then a non-serraled or only pariialiy 
serrated leaf is formed, and is usually hlmdcd nr rounded at the 
top. After this the normal ])ointe(l and serrated haives are fornitnl. 
It is common practice to pluck leaving oii tlie bush at any rate tiu‘ 
jananif and often the unserrated leaf. Thus tlie plucking ix)int of 
a shoot originating from just below tlie lipping level may 1)C I uglier 
than the original tipping level. The result is (Jiat as the season 
progresses the actual plucking surface tends lo get higher and 
higher and by the end of the season, even under conditions of stvict 
supervision, is 3 or more indies 1 uglier tlian Die original tipping 
level. When, as is the practice on some gardens, no lircaking iiack 
of long shoots is done, or plucking is to the underrated leaf, nr t'\rn 
a leaf above this, tlie ]>)ucking level may rise ii font by the end of 
the season. The effect of these varying degrees (d (duseuesH of 
plucking on quality lias received attention in the |dncking experi- 
ments. The relative effects on qualitv; of three <h‘grees of close- 
ness of plucking were investigated. 

1. Level of the plucking surface mainiaine*! by liroaking 

back all shoots to the tijiping level. Tins tejuently 
involved breaking off the stalk below ilH’. pnam . 

2. Ail shoots broken back to the jonam, but not hardier 

than this. Tiio plucking level rose afx/ut S 
from the tipping level by the end of tlie season. 

3. No breaking back of shoots was done at all. An uneven 

plucking surface resulted, and by Die end of Ibo 
season mcany of the shoots were 8" or more above 
the original tipping level. 
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In 1934, the plucking experiment ww carried out during the 
rains period (August and September), and in 1935, during the 
second flush period (June and July). For both experiments the 
same block of ^ was used. It is of a dark leaf variety, planted 
in 19^ and giving about 8 maunds per acre with normally fine 
plucking as, for example that marked Fine 2. 

(1) The 1934 plucking experiment (Rains period). 

The following table gives details regarding the various styles 
of plucking, together with yields during the two months in 1934 
in which manufacture was done 


Table XIX. 


I)MoripUon of 
ptnoking. 

Ffuokiitg instraoCiOoe. 

How broken 
back. 

Yields for August and 
September, tMS. tea 
per acre. 



Giowii^ 

shoots. 

Banjhi 

shoots. 

Total. 

^1. Baperflne 

Allihoote one leaf and 

two leaves to be plucked 
(double banjhis plucked 
and weighed separately 
and nnt included). 

To janam. 


0*43 


2. Fine 1 

Very large shoots of one 
leaf and a btul and edl 
shoots of two leaves and 
a bud and all single 
banihii plucked. 

To original 
plucking 
level. 

2*63 


2il3 

3. Fin« 2 

As for Fine 1 ' ... 

To jinam. 

2«3 


2*63 

4. Fine 3 ..J 

1 As f(»' Fine 1 ._ ... 

i 

I j 

Not broken 
back at 
all. 1 

2^ 

... 

2*62 

6. Medium 

1 Shoots ol two leaves plucked 

I (doiUde banjhis plucked 

1 and weighed sepantely). 

To janam. 

2*35 

0^ 

3*22 

6. Oouree 

: All shoots of two or more 
leaves and all banjhis 
plucked. 

Not ncoe- 
ssMy. 

3*83 

i 

... 

3*83 

7. Very Coarse ... 

All shoots ol three leaves 
plucked (double banjhis 
plucked and weighed sepa* 
ratelyK 

Not nece- 
ssary. 

3*76 

1-02 

4*78 

8. Doable banjhle. 

, The double hanjbia cd super- 
fine, medium, and very 
course plmdcing were 
eomhined. 




■ 
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On ev^y occasion of manufacture, an analysis of the percen- 
tage by weight and by numbers, of one and bud. two and bud, three 
or inore leaves and bud, single and double fcanjhw in each of the leaf 
samples for manufacture, was made. From these figures tlie 
average weights of shoots of varying degree td fineness, was 
calculated. 

In sorting, two grades were made, ri?, a fwvr grade laldlwl 
B. P, consisting of 70-80% of the lota) hulk, and a come grade 
labelled Souchong, consisting of 15-25%. 'riie remainder was n 
mixture of dust and small fannings and amounted to about 6%. 
Reports and valuations were obtainwl on the Ih iV and tlie 
Souchong. 

From the table below which gives the average results of the 
leaf counts and weights obtained on each of the eight samples, it 
can be seen that the plucking orders were reasonably well carried 
out. The superfine plucking consists almost entirely of shoots of 
one or two leaves and a bud, Counting I'rred on tlic siri<‘t Hide. 
Shoots with two fully opened leaves and one just uncurled from 
the bud were counted as three and a hud. Thus in many cases shoots 
counted as three and a bud, were ywssibly only two and a bud at the 
time they were plucked. Where tlierc was doubt as to a shoot 
being hanjhi or not, it was regarded as being 5fln;ht. 

The table of average weight of slioots is in bursting. Tlie 
superfine plucking gives smaller slioots of every type than do the 
freer styles of plucking. 

Two and bud shoots from the very coarse ])lu<'kiijg, and three 
and bud shoots from either coarse or very ^arse plucking, are 
larger than those of the finer styles. 

The double banjhis from conrsp. phickiii^' arp bipgpr than thouc 
from the finer pluckings. 

There is no appreciable difference between the sizes of any of 
theehoots from the “fine” or "medium pluckings. 
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shoots 
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Tablb XXI. 


Cdcutta valuations on B. P. grade. 
Weekly averages of three tasters in annas and pies. 



DaTBS or MANCrACTDR*. 


Hoot 

piwak- 

iog. 

— 


Stpumbflr, 


im 

17tb 

24th 

31st 

7Ui 

Uth 

21et 



1 

10- 4*0 

JO, 7'7 

9. 9*0 

9.11*0 

9- 5H) 

9 9*3 

9. 4*0 

9- 8*8 

910*4 

a 

10* 4*0 

10- 2-0 

9- 6‘7 

9. 7-3 

9 0*0 

9. 6*0 

9. 9*3 

». 93 

9- 8-7 

8 

10< 6’8 

10. 6*0 

9- 6*3 

9' 3*7 

9- 7*0 

9. 77 

9. sa 

9- 8-7 

1 9- 9*2 

4 

10* 5*7 

9.11*0 

9- 6*0 

9.10*7 

»• 6*7 

«.« 

9- 8*0 

9- 6*3 

8- 8*2 

a 

10- 


9- 6'3 

9. 6*0 

s-ii-z 

0. 

9. 6*7 

9. 4 0 

y- 7-8 

« 

a.i(K7 

9. 7*3 


S-IO-O 

9- 2*7 

8-11-7 

9. 1*3 

8. 4U 

9- 2*8 

7 

9. 6<0 

9- 7*0 

8. 6^ 

8. 5*7 

8. 4*3 

8. 8*7 

8- 8*0 

8-10*0 

8- 9*7 

8 

9- «‘7 

9- 6*0 

8- 6*7 

8- 6-0 

j S- 2*7 

8- 7D 

9. 1*3 

8. 8*3 

»■ 9-8 

Avevftge, 

!0- 1*9 

9.ll’8 

9- 2*4 

9- 3*0 

9- 0-4 

9- 2*9 

9. 4-0 

9 l-O 

9. 6-8 


The significant difference for the final averagea is 2' 59 pies. 


There is no significant difference between the superfine and 
three fine forms of plucking. The superfine plucking alone gives 
significantly better teas than the medium plucking. All tln^se five 
forms of plucking give significantly preferable teas to the coarse 
plucking, and this in turn gives significantly preferable teas to those 
from very coarse or hattjhi plucking, which latter forms have pro- 
duced teas of almost identical valuations. 


The averages for individual tasters are next considered. 






< ^ ) 

Table XXn. 


Individual valuations of three Calmtta UHeters. 
Valuation tn annas and pies. 


Seriet No, of plucking. 

A 

1 j 

c ^ 

1 

‘ E 

' 

! 

1 Average. 

1 

i 10- 1-7 

9- 2-0 

10- 3‘4 1 

9-10-4 

2 

9- 9'4 ! 

9- 1-6 ^ 

' 10- 8-0 

9- 8*7 

3 

1 9-11-7 

9- M 

10- 2-7 

9- 8 2 

4 i 

1 10- 1'5 

8-1 Vo 

1 9-11-7 ! 

9- 8*? 

5 

9-10-4 

9- 0*1 

9-1V5 

9- 7*3 

i 

6 1 

1 

9- 5-2 1 

; 8-10*6 

9- 4*6 

9- 2*8 

• 7 ■ 

9-0-4 

8- 6*6 

8-10-1 

[ 

8- 9*7 

8 

9- 0-7 

8-8-1 

! , 

i » 

8- 8-6 ! 

9- 9*8 

Average 

9- sa 

! 8-n-i 

j - - 

9^ 8*4 

9- 6-3 

^ — 

Significant difference in 
pies. 

: 0- 2*8 

j 0- 2-7 

? 

0- 2-6 


Ail three tasters in India agree in making the teas made from 
the five styles of finer plucking significantly better than those 
made from the three coai^r pluckings. They are also in agree- 
ment in preferring the teas made from coarse plucking to 
those made from the "three leaves and bud" plucking and the 
"double hanjhi” leaf. 

Among the finer plucked samples, agreement between the three 
tasters is not so good. Taster A puts the superfine plucking and 
the "not broken back" pluckii^ significantly better than the other 
two styles of fairly fine plucking and the medium plucking. 

Taster C. significantly prefers the superfine plucking to the 
medium and "not broken back" styles, but not to the two other 
stylesof finer plucking, i.e., "broken back to janam'* and "broken 

back to tipping le^V*- 
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Taster E va uing betw«>n wider limits tl.an the others h.« a 
^rrespondrn^ly larp standard era.r and n.akes aetuallv .m signi 
ficant difference between any of the five liner (iluekim.;. 


Tahu: XXIII. 

London valuations on H. L. ijradc. 

Weekly au mtjvs of 4 tiisi, rs tu f.i ucr, 





DATSSor MASTKACrrUR. 




Series 

Na 

of plnok- 
-ing. 










Aagust. 


SepU'mlKT. 


A vt^rAgf. 

lOth 

17th 

24th 

3lBt 

7ili 

141 h 

2 hi 

2Sih 


1 

11-9 

12-8 

13-0 

13 1 

1-2' H 

13*1 

12 4 

12 3 

12 67 

2 

12*6 

12-.3 

12*4 


129 

13‘1 

12 7 

1-2 fi 

12 (W 

3 

12^ 

12-8 

12-0 

T2-0 

12'7 

12 4 

12*4 

12-4 


4 

11*5 

124 

12-6 

.12-7 

13-4 

I2*4 

1*2 7 

12fi 

l'2‘M 

5 

12*2 

12^ 

12-2 

12*3 

i2h; 

12*0 

12*7 

12 6 

12 42 

A 

U*7 

12-1 

lf8 

11*9 

l'2‘H 

12 4 

UK 

12 1 

12 06 

7 

III 

ll’.l 

11*2 

n*2 

I2'2 

11-7 

112 

11*7 

11 43 

8 

116 

11*3 

no 

III 

11-4 

11*4 

113 

1 1 ■;i 

1 1 ‘.’Kl 

Average 

118 

12-1 

12*0 

1‘2M 

12-6 

12-4 

1 

12*1 

12 4 

12*18 


The significant difference of tlie average of all eight iniinii- 
factures is 0’26d. 


The London tasters as a whole find no signifieant differenee 
between the superfine plucking and fine plucking w'hieli was 
either heavily broken hack or not broken hack at all. The niediurn 
plucking and fine plucking which was broken back to the jannni, 
are just significantly poorer than tlie superfine plucking. All 
forms of coarse plucking arc significantly |KK)rer than the finer 
forms of plucking. The teas made from very coarw* [ducking and 
banjhi leaf, are poorer than the teas nmde from ordinary (X)arsc 
plucking. 
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Tablb XXIV. 


Individual valuations of 4 London tasters. 
Valuations in pence. 


Series No. of plucking. 

Tasters. 

Average. 

H 

J ' 

K 

L 

1 

11*6 

13-5 

13'4 

12*1 

12-67 

2 ' 

t 11*7 

13-5 

13*1 

12*2 

12*60 

3 

11*4 

13-0 

13*2 

11*8 

12-36 

4 ; 

11*7 

13a 

12>8 

12*4 

12*54 

5 

11*5 

13-4 

13*0 

]1’7 

12-42 

6 

11*2 

12*7 

12*7 

11-6 

12*06 

7 

i 10*2 

12*5 

12'0 

11*1 

11*45 

H 

10:3 

120 

12-2 i 

10*7 I 

11*30 

Average 

11'2 

1 13*0 



12M8 

Significant difference 

0‘4d. 

0*6(i. 

! 

0*4d. 

0*5(i. 

0'25d. 


None of the tasters, individually, jdaces the coarse plucking 
significantly worse than all finer forms of plucking. They value 
tlie “coarse plucked” teas better in comparison with the finer 
forms of plucking, than do the Calcutta tasters. Three tasters H, 
K and L significantly prefer the “coarse plucked” teas to the “very 
coarse jducked” and “ban/fet leaf” teas.. Taster J does not how- 
ever place the “very coarse plucked” tea significantly lower than 
tlie “coarse plucked” tea, while the difference in the case of taster 
L is only just significant. 

In general, with the 1934 market showing comparatively little 
discrimination, the various forms of fine or medium plucking are 
not differentiated .tq any extent either in Calcutta or London ; 
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while, Wing into acmmt the incrensd emp from cxwrse ploeking, 
this latter tvouM have given a larger nett relitrn than finer i.luet 
mg, so small is the relative differeme in vnlualum. Tiie differenee 
in price between fine and ’ 'coarse" plucking would have Iwn 
counterbalanced by the increased cosi of |>iuckinj; nkmv. 

( 2 ) The Itm Plnchimj Expermenf {Strotui fiuiih Vvrioti). 

In the 1935 experin^ent the banjhi leaf nuiimfaoHire was 
omitted and manufacture of leaf from aiauher stories was suhs- 
tituted. In this series lio bunj/ii slunits were pluckiNl, but wrre left 
on the bush' to come through and ri;ooiimu*m(‘ minnal ^niwtli ; 
when they had made 2 iea\x^s alwve tlie orioinjil 
were plucked. 

Slight modifications wore also made in sonu' of the oilier series. 
The tabic below gives full details of the eight sty It's <d pinch ing 
employed in this experiment. 

Tahi.k X\V. 


No. 

' Term applied to 
the style of 
plucking. 

Type of fthoot* plucked and 
mRnofactuwl. 

OelaiUof brealiiiig Uck, 

1 

Superfine 

All one and a hud and all 2 
and a bud and all aingle 
banjitls. 

Hrokeit luick to janani, 

2 

1 Pinet heavily bro- 
1 ken back. 

1 

Large ahoota of 1 wl a hud, all 

2 and a bud and nil aingle 
banjhht. 

Ilrokoti liack to original ttpp. 
ing level. 

3 

! Fine: broken to 

1 Juuini, 

Aa for 2. 

Hrokm ha^'k to janani . 

4 

Fine : not broken 
back. 

As ior 2. ' 

Ntrt br<»ken ttatk, v,r, long 
ahuots left on the l>n>h, 

5 

Fine : no banjhia 
plucked. 

Large shoots of 1 and a bud, 
all 2 and a bud. 

Broken back to janam banjhia 
left to com e through. 

a 

Mediant 

Nothing but shooU of 2 and a 
bud aod double banjin'a. 

Broken hark to janam. 

7 

Ooarae 

Everything but one and a bud 
and single banjhia 

No breaking back necesaary. 

a 

Yevy ooarte ... 

Everything larger than two 
and a bud or single banjhia. ' 

No breaking back neoeiaary 





Average. 10- 9*94 11.2*66 
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The gigeificant difference of tJio final average is 3 !l jiias, 

$up^e plucking and heavy breaking hack give teas which 
are significantly preferred to the medium or the coarse forms of 
pliickii)g. 

There is no significant difference between tlic superfine or 
any of the four finer forms of plucking. The t^vo coarse pluckings 
give teas inferior to all others, the verv coarse being inferior to 
the moderately coarse plucking. 

It is of interest to>compare the individuu] of iho 

6 tasters, which are shown in the table below. 


Tabt.r XX\'-I1. 

Average valuations in annas and pics. 


of style of 



Tasticb 


plucking. 












A 

H 

C 

n i: 

F 

1 

ion'2 

11. 1*2 

11. 15 

ut. 3-4 in- 7-0 

12- S 7 

2 

lo-U'd 

]1. 0*4 

11- 17 

10- 2 0 11). o n 

11- 94 

a 

10- 6-9 

n. ‘2-0 

in. y-7 

%\\-2 10 8-7 

11- 1)4 

.4 

10-10-4 

u. 0*4 

in- .v« 

9- 8-2 lO.ln-4 

U- 9-0 

5 

! 10- 9-7 ' 

10. m 

10- 37 

9-511 10.9-7 

11. 11-2 

8 

10- 6-0 

10- 8‘fi 

10- 8-2 

(J. 97 in- 5*2 

a. 9 7 

7 ■ 

9- 5-6 

9.10-9 

9. 9' 4 

H. 7 5 10. 1-7 t 11- *2 0 

s 

.8* 6-0 

8. 9-0 

8.10-5 

7.10-5 , 9. (17 

X.ll'6 

Average 

10- 3-9 

10- 6^7 

; 10- 6-2 

8. 5*« ; in- 5‘N 

II. rrH 

Significant difference 
in pies. 

0* 5-1 

j 0-10‘S 

; 0- 4 '6 

0- 9 -1 ^ 0. ."rS 

0. 8 -0 


In regard to the major differences, i.r,, bciwirri the supeHiix*. 
medium, coarse and very coarse plucking, fivf; of tlic 0 tasttTH i\rc 
in good agreement, in placing the medivim teas about half an anna 
lower, the “coarse” about annas lower, and the “very coarKu 
about 2^ annas lower, than the superfine plucking. Taster M 
makes the differences considerably less in each case. 

No taster places the superfine plucking signifit^antly ladter 
than any of the four styles of fine pluckings, nor these consifitently 
better than the medium plucking. C is the only taster to niake 
any significant difference between any of the four styles of finer 
plucking. He significantly prefers the tea containing no hanjhi 
leaf to the tea which is not broken back, and to that which is 
broken back to the janam. 

The combined results of the three London Tasters arc as shown 
^in tto foHowiiig table. 




Average ... 18*25 13‘9S 13*02 13*90 13*38 13*12 12*67 18*25 18*82 
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TheJt^luiwd Bignificant difference is 0-23d. Thus the piiper- 
fine plucking has given teas which are regarded by the Ixmdon 
tastQTS as significantly better in quality than all others. Among 
the four forms of fine plucking, it appears that tlie harder tlte break- 
ing back, the better the teas. The teas from the most severe form 
of breaking back are significaiHly kttcr \\mw ihost^ not broken hack 
«t ail, while the teas from bushes broken back to the occupy 
a position in valuation half way between the two oxlrtMues, The 
tea marked “Pine 4“ is from btjslies w)iich were liroken back to 
the jamm (as for Fine 2) but no honjhh were phteked. IxMiig left 
on the bush to come through. Tijc nnn-melusion of hanjhi leaf 
certainly has not resulted ij) sujH'rior leas. Medium pluekiog, 
consisting of shoots of hvo leaves and a bud and double 1ms 

produced teas which the London tasters place sigiiincantly poorer 
than those from superfine plucking, and fine plucking lioavily hmken 
back. The medium plucked teas arc not liowever significantly 
worse than the other three styles of fine jducking. 

Coarse plucked teas are slightly but sigoifieautly worse than 
teas (rom finer styles of plucking. Very coarse plucking has miwlo 
much poorer teas, but Jicvcrthclcs.s valncd surprisingly w<‘ll in 
comparison. 

The individual averages for the three Jx)fKkm tHsters who 
valued ali 8 sets of teas are given below. 


Table XXIX. 

MividiuU vduations of 3 London Tasters in jiencc. 


Phickbg, 

H 

J 

K 

Avenge. 

Superfine 

SHne 1 

Fifie2 “• : 

Fine 3 
flrne 4 

Medioin 

Couee 

Veryooerse 

14*50 

13*81 

U*12 

13*97 

\3-W 

18*81 

13*41 

12*20 

im 

1347 

J3-05 

12*78 

12-72 

J2-89 

mi 

12*13 

13*63 
18^ 
13*22 
13*42 
13*87 
13-28 
12*97 
12*26 ^ 

14*02 

13*68 

13*46 

13^ 

l»85 

13*87 

13<>8 

m9 

Avaxage 

13^71 

12*96 

13*25 

13*32 

Sigtufieeut fftftewnce 

O'M. 

<»*4S<. 

0-34A 

wu. 









( 44 ) 


Tasters H and J both prefer significantly the tea from superfine 
plucking to all others, but taster K places it significantly better 
than only the fine plucking broken back to the janam and the 
medium and coarse teas. The three tasters are unanimous in not 
placing the tea from medium plucking significantly worse than 
the teas from the four styles of fine plucking, except for taster K, 
who does make it significantly poorer than the tea from heavy 
breaking back; this latter incidentally, he values highest of all. 


Summary o/ Plucking Experiments. 

(1) In general, the finer the plucking, the higher the valu- 
ation of the made tea. Differences are however surprisingly small, 
in both the 1934 and 1935 experiments. 

(2) The superfine plucking produces teas which are often 
referred to as having more quality, but rather less strength and 
thickness of liquor than the teas made from the less fine styles of 
plucking in which no small “one and bud” shoots are plucked. 

(3) Liquors from coarse forms of plucking are often report- 
ed on as having a coarse character; they are generally less bright, 
and do not cream down so well as the finer plucked teas. 

(4) There is a tendency on the part of nearly all the tasters to 
prefer the teas from the closer styles of plucking in comparison 
with teas made from shoots which have been allowed to ''run 
jiway”..from the original tipping level. 

(5) Banjht leaf plucked in the rains period is definitely of 

poor quality. There is of course a strong belief, probably, well 
founded, that autimmal flavour is increased by inclusion of banjkis 
at the end of the season. This point needs experimental confirma- 
tioii : \ ^ 

(6) In the second flush period no improvement in liquor has 
resulted from leaving banjhia on the bush to break through, instead 
oi plucking th^ qfifjn to usual 
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ni. ISFWENCE OF VARIETV m THE QOAUn oF IKA. 

f '.0 .ix .x'CRsio,. ..H.klv f,x,m tl,e enrt 

d September to the begmnmg oI .\„v«uter fom. ,.!ot, amtaioing 
the following varieties of tea ® 


Tingainira 

Banna 

lodo-China 

Eharikatia 

Eailine 

China 


I Borhhftu. 
I TockUi, 


The following is a brief account of eadi varieiv anti hislory 
of the treatment which each of the G plots has undergone since 
planting. 


1. ^This is a light leaf As^sam variclw hvun an 

Upper Assam seed garden, originally plantcG \vilh indigenous seed. 
The plots at Borbhetta were planlwl in , 

n. Bunm . — This is a small and dark k‘afed variety , the w'tl 
of which was originally obtained from Croydcr’.s Agency, Silcliar, 
The area was planted in 1920 and is ch^se to the Tingamira block. 


III. fndo-Ohina. — Seed was obtained from wild planln grow- 
ing in the forests in French ludo-China. It is a little Nimilar in 
appearance to China hybrid, but th(5 leaf is bigger, i bicker, and 
smoother, while the red colour in the young leaf, and axils fd old 
leaves is very characteristic. Tlie area at Thwbbelb was planieil 
in 1922, and is divided from the Tingarnii’a block (udy by a narrow 
path. 

The other three vavictie^^ from Tocklai arc ail in lh<‘ sanic l)lock 
and have always been treated identically. 

IV. Khanlmtia,~^Wi9> is a light leafed Assam variety being 
Single *‘once removed'’. It wasiml ont at r<wklai in lOld. 

V. KclHne.— Seed was obtained from the Kalliiic seed garden 
in North Cachar, which was planted Avitli selected plants from 
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Burma seed. Planting and treatment at Toeklai is, identical 
with that of the Kharikatia area. 

VI. China . — ^Seed was obtained from bushes on abandoned 
teelas in Gacbar. The parent plants of these bushes are reputed 
to have been brought direct from China. Treatment has been the 
same as that of the Kalline and Kharikatia jats. 

The teas made from these six varieties were sent to four tasters 
in India and 4 in London, and the valuations obtained are given 
below. 

The combined results of the India tasters are as follows : — 
Table XXX. 

Valuations in artnas and pies. 


VARIETY. 


Tastcrs. 


Average. 

Tabtkk. 

Avenge 

inolnding 


A 

' C 

F 

E 

taater R. 

Tini^amira 

\Q-(m 

10- 0*83 

9- 8*00 

9-10*94 

12. 4-00 

10- 6-21 

Kharikatia 

9-e*S3 

9-11-00 

9- 2*83 

9- 6*89 

10-10*5 

9-10-79 

Burma 

9.4-00 

9. 7*83 

9- 2*17 

9- 4*67 

U- 7-67 

9-11*42 

KaUina ... 

D-V60 

9- 7*67 

1 9-2-60 

9- 3*89 

10- 1-00 

9- 6-17 

Indo- China 

8-7*50 ; 

9 417 

' 8-11*67 1 

8-11*77 ’ 

9- 1-33 

9- 0-17 

China 

9-1*33 ; 

9- 4*83 

9- 1-60 

9- 2*56 ; 

9- 1-60 

9- 2^ 

Average 

9-3*53 i 

9. 8*06 




9- 8-17 

SigniBoant differ enoes 
in pies ... 

0-3*66 i 

p. 4-20 1 

0- 2*38 

0- 2-22 

0-11*40 

0- 4-05 


Tasters A, C and F are in quite good agreement and the 
average of their valuations has a significant difference of only 2’ 22 
pies. They place Tingamira significantly the best, Kharikatia 
significantly second, Burma is valued better than Kalline but the 
difference is not significant. China is valued lower than Burma 
and Kalline, but not significantly. Indo-Ghina is significantly 
poorer than any except the China variety. 
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Taster E is valuing on a mucli wider basis ihan any of the 
others, and somewhat naturally has a larger standard error. He 
places Tingamira first, but not significantly better than Burma, 
which is preferred significantly to the other dark leaf iat KalUne. 
and to the two China varieties. These latter are placed equal Inst, 
and are significantly M'orse than the fo\ir other varieties. 

The Kharikatia variety is placed lower than Tingamira and 
Burma, but the difference is not significant. 

Results of Taster E should be regarded as a '‘minority” 
report, firstly because of his unique preference for Burma jat— an 
opinion shared by no other taster, secondly because he nas valuing 
from the blenders' point of view, and thirdly because of his very 
wide range of valuations, which if combined with the other more 
conservative tasters, would unduly weight the average. 


Table XXXI. 

London Tasters' Vahaiions in pence. 




Tasteks. 



VARIETY. 





Av(Tagf. 


H 

J 

K 

i 



Tiogamira 

14*92 

13-82 

■ 15’67 ; 

i 

13*29 

14-43 

Kbarikatia 

1408 

13-21 

12-92 

12-37 

I3in 

Burma ... 

13-25 

12'79 

12-92 i 

1221 

12-79 

KalHoe ... 

13'42 

12'54 

13*17 

11-92 

12-76 

Indo*China 

1250 

12-08 

' 12-17 

11-29 

1201 

China 

13‘50 

12-54 

; 12-83 

11 •5« 

1262 

Average ... 

13-61 





Sigoifieaat difference ... 

0*62 

0-49 

1 

1 0-87 

^ .j. ..A- -A 

I 

j 0-50 

i 

0-41 
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The agreemeni ibeae four tasters is good enough to 

reduce the standi^ OTwr of the average considerably. The 
Tingamira variety gives a tea which is very significantly the best, 
and Kbarikatia is mgnificantly better than China or Indo-Ohina. 
Burma and Kalline are not significantly better than China, but are 
significantly better than Indo-China. China is significantly better 
than Indo-China. 

Summary of resulU of the variety experiment. 

The opinions of the tasters both Calcutta and London, may be 
summarised briefly as follows : — 

Tingamira and Kharikatia, light leaf jats, give strong coloury 
liquors with Assam character and bright infusions. The Tinga- 
mira is decidedly preferable in these respects, and in addition has 
much more tip in the dry tea. Both teas have a brownish colour 
when compared with dark leafed varieties. The Kliarikatia variety 
gave more tippy teas than did the dark leaf or China varieties. 

Burma and Kalline — Qave strong coloury liquors, without 
stand-out quality. Infusions fairly bright bui greenish, and duller 
than the light leaf 

Burma is on the whole slightly preferred to Kalline, but except 
in the case of taster £, the difference is not significant. Both jats 
give very blade tea, with a poor show of tip. 

China. — ^A thin liquoring tea with an undesirable character 
often referred to as “weedy* * or ' ‘grassy’ * . One or two of the later 
samples showed distinct “Darjeeling” flavour but not enough to 
off-set the thinness of the liquor. In tip and appearance the China 
variety tea is rather better than the dark leaf jats, but inferior to 
the light leafed. 

IndO'Ghina gave a thin liquor with no quality. The samples 
of tbe last two manufactures had a touch of flavour, though this 
was rrferred to by two tasters as weedy or grassy. The dry tea 
had an almpst blue-black appearance and was always entirely 
lacking in tip. 
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APPENDIX. 

The Statistic aj, Method of ok Varjancr. 

When, as a lesult of re[)eatiiig an exj>€riuieut a ooTtain number 
of times, average values are obtaiiu^d for each of flu* treat uients 
under investigation, tlicsv averages may differ by a large or small 
amount. If the differences are very small, common sens(‘ will hdl 
one that the treatments have not produced any signifu*aat <hfferen- 
ces, especially if, as usually is the case, a comparison of the indivi* 
dual experiments shows that their results vary from each other. 
Take for example, valuations ui two teas A and W which have 
under-gone different treatments. 

Valuationa. Avekaok. 

A. ... 10 10 11 9 10 10*0 atinn*. 

B. ... 9 10 llj 9 0 9'7 „ 

The difference is only onc-third of an anna for the average 
of 5 valuations. Inspection of iliesc valuations show that A is 
better than B on two occasions, worse on one occasion, and e<^unl 
to B on tw'o occasions. The logical conclusion is that no case is 
made out for treatment A being better than B. 

If however we have the following valuations 

Valoationa. Avwuue. 

A. ... 10 10 11 11 10 lO'iftnnM. 

B. ... 9 9 10 11 0 9‘d 

A is better than B four times out of five, and equal once, so 

that a reasonable conclusion is that A is really a better tea tljan B. 

Between these extremes however, there are cases where it is 
impossible to judge whether a difference is really significant. The 
statistical method known as the Analyhin of Variance, which is 
employed by all modern scientific workers, determines the chances 
in favour of differences between averages being really significant. 
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It is obviouB that exact mathematical expressions ^cannot be 
applied to tasting reports which merely give a taster's opinions on 
colour, quality, strength etc. liquors, nor can the analysis of 
variance be legitimately applied to result which consist merely in 
placing teas in order of merit, since this method gives no meiuiure 
of the magnitude of differences between the teas. Valuations there- 
fore have to be obtained, and in order to mark small differences 
between teas which the market would normally value the same, 
brokers have in general valued to the nearest -^th of an anna 
(Calcutta) or Jd. (London). 

A typical arrangement of an experiment such as those already 
described is shown in Table I. 

Taking the manufacture done on the 10th August, the first 
pair of teas started their roll at 4 a,m., — the “coarse” plucking in 
the roller labelled “East”, and the “Fine I” plucking in the 
“West” roller. These finished their rolling together at 5-30 a.m. 
and were then taken to the fermenting floor, and the rollers charged 
with the next pair of samples. These in turn gave place to the 
third pairs at 7-0 a.m., and finally at 8-30 a.m. the fourth pair were 
rolled. All samples had the same fermentation time and were thus 
fired in pairs, at intervals of hours. On succeeding days' 
manufactures, the order in which the samples were rolled was 
varied, so that by the end of eight manufactures each tea had been 
rolled first, second, third and fourth, on two occasions each, (once 
in the East and once in the West roller). The valuations in table 
II correspond to the treatment given in Table I. 
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Table II, 


Valuations in fence corresponding to samples as in Table L 


Order 0 / 
mann{«ctare. 

Roller. 

Date or maevtactuki. 

ATorofo 

valtut- 

iion. 

10-8 

17-8 

24-8 

31-8 

7-8. 

14-8 

a-» 

28^' 

1 

E 

lOf 

llj 

in 

12* 

u* 


u 

VS 

11*47 d. 


W 


lu 

12* 


18 

r m 

12* 

11? 

)2-a3 „ 

2 

E 

111 

12 


12* 

12* 

11* 

10 * 

13* 

11*75 „ 


'V 


12* 


12 

13* 

134 

12? 

^ 11? 

12*09 „ 

3 

K 

12 


12 

11* 

13* 

13* 

124 

Ill 

12*06,, 


W 

11 



lU 

11? 

11? 

114 

i 

11*12,, 

4 

K 


m 

m 

111 

lU 

12* 

11? 

121 

11*66 „ 

1 

1 

W 


lU 

Hi 

mi 

12 

13 

114 

114! 


Averages ; 

11*25 

11 ^ 

11*37 

11*56 

12*34 

12*31 

11*72 

11*84 

11*71 d. 


The average of all 64 valuations is 1171d. To simplify the 
arithmetic, the difference between each valuation and a rough 
average (called the * ‘crude mean*’) of llfd. is used for working out 
the results. The table Wow is therefore the same as table II 
except that valuations are written as differences in farthings from 
ll|d. and the figures in the last column and bottom row are totals 
instead of averages. 


' Table III. 


(Det?iations from crude mean ll|d. in farthings). 


Order oi 
manufActure. 

Roller. 

PATM OF MANCFACTDEfi. 

j Totals. 

10-8 

17-8 

1 24-8 

, 31-8 

7-9 

14-9 

21-9 

1 

28-9! 

i 

1 

E 

-4 

m 

1 -1 

3 

-1 

-4 

-3 

1 

1 



W 

2 

-1 

1 3 

-4 

5 

2 

4 

-2 

I 9 

2 

£ 


1 

-4 

3 

3 

-1 

-6 

3 

0 


W 


3 

-5 

1 

7 

6 

4 

0 

1 11 

3 

E 

1 1 

-6 

1 

-1 

1 fi 

1 7 

2 

1 0 

10 


vv 


-6 

-6 

-2 



i '2 


-20 

4 

E 

-5 

-4 

2 

-2 

-2 

■ 8 

1 

4 

-3 


W 

-2 
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Th0<corr9oUoQ for ^akin^ the orude mean of IITW, in- 
ateadof the exact mean of U 71d. ia given hy the square of 
the grand total (-10> divided by the total number of aaroplea 
Le, • I '56. This correction must be deducted from all 

▼ariances. 

The totAl tariance is given by the Fi\un of the s<]narert of off 
the individual differences from the muh ritciui, liss (fu* cornH'tiun. 


Total variance - 722 — 1*56 = 720*44. 

Treatment randHce. — By reference to Table I and table III, 
the total deviation from the crude mean can lx* obtaimxi fur each 
treatment; e.g. for s«|)erjji)e ^lurking, t)»e devialiona are as 
follows : — 

VaU of maunfaciure. 


10-8 17-8 24-8 31-8 7-9 U-0 21-9 *28.9 Total 

-2 1 3 3 0 6 1 9 12 

Similarly for each of the other lrcatnieiit> givijig Ihc follow- 
ing:— 

Tahlk IV. 

Treatment Tn'rAi/S. 


Style of plucking. 

Superfine 
Fine 1 
Fine 2 

Fine 3 ••• 

Medium 

Coarse 

_ Very coarse ... 

Banjhi 



Deviations. 

Square of de 
tion«. 


12 

144 


31 

n;o 


0 

** 

4 


1 

' 21 

1 

441 


! 

0 


1 4 

10 


i .20 

400 

S -34 

j 1166 


2380 
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The iieaixnent variance is given by the mm of the squares of 
the treatment deviations in the above table, divided by numbear 
of repeats of each treatment (i.e. 8), and less the correction. 

Treatment variance •• ^ — 1*56 — 289’69» 

Order of manufacture variance . — The variance due to order 
of manufacture is obtained from the totals in the last column of 
Table III. 


The deviations for each order of manufacture are — 


— 

Rolled at 

Total deviations. 

Squares. 

let pair 

i 

4-0 A.M. 

i 0 

0 

2iid pair 

8rd pair ... 

4th pair 

5-35 A.H. 

! 11 

121 

7-40 i.M. 

1 -10 

100 


-11 

121 

! 

1 8-45 


342 


The variance due to order of manufacture 


/sum of euuares of deviitionB 

(uumbor of samplei comprising each pair/*® ^ rrCCtlOn. 

342 

Order of rolling variance ** "is 1*5^ * 19*81 

Roller action variance . — The variance due to the different 
action of the rollers is also obtained from Table m. 

Total deviations. Squares. 

East roller ... ... -2 2 

West roller ... ... -8 64 

68 

Roller action variance * - 1’56 s=: 0*64 

Dates variance . — There is a difference in average valuations 
from week to week, depending partly on the relative intrinsic 
values of the eight sets of samples, and also on the state of the 
market from week to week. This variance is given by the sum of 
the squares of the *‘week to week” deviation totals, divided by 
the number of teas valued each week (8), less the correction. 

Thus date variance ^ — 1*50 « 167*94 
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avemle valuations than those in (he \\Vst roller. I„ (he ease If 
the ^nd pair the difference is not so oreat, hot in | he' same 
direction. In the case of the third pair there is a very nn.eh le-eer 
difference in the opposite direction, wlnle for (l,e foi’irth pair there 
IS a slight difference again in favour of tlie I'.asl roller. This vary- 
ing effect of the roller action according (» (he relative lime at nhieli 
the rolling takes place, is ineasured hy the variance due to interne- 
tion, (order x rollers). 

First, the sums of of ili(< ji^Divs in the last 

column of table III arc obtained. This is tiividtnl by H, and 
the correction 1 5C subtracted. This ^dves the inlal varjaiicc dup 
to roller action, order of manufacture and iuteractieii ti{ iho two. 

ds*" ^ From this, the order viuiaucc nud the 

roller variance are subtractcfl. 

Thus 105 ‘44 — 19 ’81 — OTll = 8T99 (ifileracjitm order X 
rollers). Our total variance concerned with cfftxi cd ord^^r aiul 
rolling is thus made up of three parts. 

In the table below the results obtained are lahulated - 


Amlysis of Variance Table. 


I Degrees of 


Treatment variance. 

Date of manufacture 
variance. 

' Holler action 
Variance concerned Order of manu' 
with effect of facture. 
roller action and Unteraction of 

order of manufac- | roller action 

ture. I *ind order of 

mstiufactore. 


Residual variance. 


Total variance 


m 
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The degrees of freedom are the number of comparisonapossible, 
vhat is in each case, one less than the number of individuals 
concerned, e.g, as there are 64 samples, each can be compared with 
63 others, hence the total number of degrees of freedom is 63. The 
treatment variance is that of 8 treatments, hence for treatment 
there are 7 degrees of freedom, and so on. 

The mean square of the variance for any particular factor {e.g. 
date, treatment, roller action etc.) is the variance divided by the- 
number of degrees of freedom, and is the true measure of the effect 
of the particular factor on the valuations of the teas. 

We first wish to know whether a factor is really influencing 
the valuations or not. If it is, then its mean square must be 
greater than the mean square of the residual variance by a certain 
amount. This amount depends on two things. 

(a) The number of degrees of freedom for the particular 
factor and for the residual variance. 

(h) The level of significance required.’ It is usual in agri- 
cultural practice to accept odds of 20 to 1 in favour 
of difference betw^een any two results, which is 
greater than the calculated significant difference, 
being really due to the treatment, and not to chance. 
From statistical tables, the ratio between the two 
mean squares of variance referred to above can be 
found, taking into account the degrees of freedom, 
and level of significance required. This process is 
known as ‘'application of the Z test.” 

In the example we are concerned with, the mean squares for 
treatment and date variance must be about times the residual 
mean square, for a 20 to 1 chance of significance. Actually both 
variances are much more than this and are therefore significant. 

The order of rolling variance must be over 2| times, and the 
roller action variance 4 times the residual variance. As this is not 
the case neither of these variances is significant. 

The square root of the mean square for residual variance gives 
the '‘standard error’I, which in this case is /3‘747 ~ 1*936. This 
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means, that, judged by the form shown during this experiment, 
any single tasting is liable to an error not exceeding 1’936 farthings. 

A possibility of error of about Jd. seems high on this market 
even on a single tasting : but it must be remembered that this 
estimate of error includes all sources of error not specifically 
allowed for in the analysis of variance, including sampling errors 
not only at Tocklai but in the selection of a weighment from the 
sample tin, and that although we can allow for the average differ- 
ence between e.g. rolling at 4-0 a.m. compared with rolling at 8-45 
A.M. we know that this difference in time of rolling cannot make 
the same difference in quality every day. 

I'be standard error of a difference between any two tastings 
is 1/^2 Xl ‘936 Or 273 farthings. Hence » comparison between 
two single tastings under these conditions has little significance. 
We have however to compare averages of a large number of tastings. 

If the Z test is first passed, then the significant difference of 
the date or treatment totals is given by the expression. 

t X -y^2 X mean square of reeirlnal variance x No. of enniplee compriping the totali 

where ''t” depends on the degrees of freedom of residual variance 
and on the odds on the significance required. 

For 42 degrees of freedom and odds of 20 to 1 on significance 
t == 2*020. 

Thus the Significant Difference=2'020 X v^2X'^3747x8 

- 15-64. 

Comparing the deviation totals of the various treatments 
(Table IV) any difference between any two of these totals which 
is greater than 15*64 indicates that the oddsjire at least 20 to 1 
on tjhe difference, whatever it is, being really due to the difference 
in treatment and not to chance. 

The average valuations, in pence, of the treatments, 

are obtained from the Table IV by dividing by 4 (to bring farthings 
to pence) and again dividing by eight (to get the average of t e 
eight valuations of which the figures are totals) and adding t ^ 
Qude mean 
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The following average valuatioBS for tareataenl are ob|adned 


Plucking trcatmeat. 

Average valuations in 
pence per lb, 

No. 1. Superfine 

12*125d. 

2. Fine 1 

I2'156d 

3. Fine 2 .... 

ll'813d. 

4. Fine 3 

12‘407<l. 

6. Medium 

ivnod. 

6. Coarse 


7. Very ooarse 

IH26d 

8. Banjhi 

10-688d. 


The Bignificant difference for these averages in pence 

The highest valuation is that of Fine 3, — 12'407d. Any valua- 
tion of 11*917 or above must be considered to be equal to 12‘407 
within experimental error. 

Plucking treatments 1, 2 and 4 must therefore be concluded 
to give equally good teas. 

Fine 3 is significantly better than medium, or any of the 
oOarse pluckings. All four fine pluckings are significantly better 
than the very coarse or banjhi pluckings. 

In a similar way the average valuations for each date of manu- 
facture are obtained and the significant difference is the same as 
that for treatment averages, there being the same number of treat- 
ments^ there are repeats of the manufacture. 


SEFTBMBSa. 








? W ) 


The average valuati 


CDS for order of rolling are : — 


Ui 

2Qd 

3rd 

4tli 


11 922d. 

n 594d. 

\V61Hd. 


There is no significant difference between these laverageSi 
that is, the order of rolling has not affectc<i valuations in this 
experiment. 


The average valuations for the two rollers are : — 

East roller ... ll'734d. 

West roller ... ll’687d. 


There is no significant difference Ixdween these averages, hence 
in these experiments the two rollers were giving teas of practically 
equal values. 

In the experiments described previously, when two or more 
tasters have valued the teas, the analysis of variance is worked 
out for the averages of their valuations on eacli tea, otherwise the 
method is exactly as described above. 


CL P. W.-1177-17*1'36->1,200 
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NOTES ON TUNG. 


Calcnttii: 
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The following “Notes on Tun^/’ represent a rv»IK«etiou of .nl»eellrtmH^uj* 
documents taken from tl)e Tookl.ii files. «,;;ether ^^ith AhstrAefs .H>punl 
from scientific abstructin^^jounnik ih^so d.KMimenIs «p|>,vir <o he of 
interest to those attempt inj; to erow t«n- in if ),«^ h,vn decKhnl 

to issue them in their present form. Sueiamovkle. e e Jmve o)>t..ii)e,| 
at Tocklairelatincr to tunfj culture is too scanty lo allow of any rompre. 
hensivo treatment ; moat of our data re.pures eonlirnmti.m and is (,f little 
value when removed from its orkrinal context, and for this reason no 
attempt has been made to unify the ori^rinal material. Om- tlnujka are 
due to the Imperial Aorieultural ihin^aiix. wiioae ahslracla we liave freely 
copied, for making remlily availahh^ the ns<'fui knowledet* anpiire.l hy 
other workers in other countries, lu Assam, Mr. Withers at Volini is to he 
congratulated as the pioneer of tung culture; and from whose eflort.s most 
of our knowledge at Toeklai lias aristm : in particular, Memo. No. lol/jl, ihi 
was prepared in consultation with Mr. Withers. 

Report No. 151 B.36. 

ISth June 1936. 

1. General. — Sovtu'al problems reipiin^ immediate attention if tliero 
is to he any hope of making a success of tung growing, The prohhonN are 
such as require the attention of an ox|>erienee.l experimenter. The full 
time attention of a qualified investigator svoulil give results of eommereial 
importanco — by results of comuK'reial im)K>rt:\nee 1 do not iii’eeHsarily 
mean results wltich will rniike tung growing an unqmdifinl Huceess in 
Assam for it would obviously be of ermnncndal importanco to know 
that tung growing is a waste of time and money. Tie* potentialities 
of tung growing are, liowever, so great that it ia llm duty of those 
who are concerned with the welfare, of AsHaiu to <!ircct and aSHiat in 
the solution of the iminediato proljleiiis \viiic!» Itew-t the indusfry , 
and which if they are not now Reived, are certain to involve individual 
concerns in monetary loss. The demand for tung oil gr<oitlv exceeds the 
supply and is likely to do .sr) for some time : the propertieH of the oil are 
such that an increased supply of oil will altnost r.erlairdy mean an increoHc 
in the number of uses for the oil : tung growing migld easily form tin- 
adjunct to tea growing diHcus-Sed by the Commission of Knquiry into the 
Tocklai Experimental Station (c/. para Id, p. 11)- tung growing is 
moreover, a potential village industry. Tln*se are possibilities winch 
should be invostiguted by those concenvd with the welfare of Awsi.i. 
aud of the tta industry.' The^; general asr^;fs of tut.« Krow>n« sr<, 
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i;cally outside my proviuce, which is to give advice in particular cases 
when called upon to do so. At the same time, it is evident that attempts 
to establish tung in this country lack direction and that the issues involved 
are not reaUsc<l hy tliosu in whose power it lies to give the necessary 
direction : neither are the probleins with which a few pioneer practical 
men arc now grappling unlerstooJ by those who could assist in their 
solution ; I cannot resist, therefore, prefticing my notes with the foregoing 
remarks. It is up to others to state the case for the potentialities of tung 
growing — the evidence is not hard to find. The immediate problems of the 
practical man should lx? clear from the following notes. Here and there are 
suggestions for simple experiments ; these are not by any means exhaustive, 
but are such as can be carried out by the practical man and will give 
valuable preliminary information; no experiment should be repeated Icrh 
than three times, and many more times is desirable. 

2. Die back. Aleurites Fordii,^ — Fordii is markedly affected by 
the type of soil. [Jniler certain conditions the tree shows a considerable 
amount of “ <lied)aek and this would appear to indicates that the soil is 
unsuitable for the growth of A. Ford it, at least, in the absence of greater 
cultural knowledg*^ than we possess at presjmt. At Rorbhetta, A. Montana 
succeeds ejuito well under conditions which cause unsatisfactory growdh of 
A. Ford'd, 

3, Root aeration. — One of the major factor-s in the growth of A. 

F<mlhi seems to bo root ?e ration. The roots appear to require far more 
oxygen tlmn those of jd. and the tree appears to be susceptible 

to any diminution of the necessary oxygen supply. Tliese are surmises 
l>a.seil on fieM observations ; the susceptibility of tlie plant to waterlogging 
and the necessity for good drainage has several times been pointed out. 
I have examined the roots of A, F&rdii and find that lenticel development 
is marked, particularly so on trees showing “dic-back" : on some of tlie 
lattiT trees the lenticels might be described as hypertrophied. This exces- 
sive development of lenticular tissue suggests lack of oxygen' and I suggest 
that the bad effects of waterlogging are really due to oxygen shortage 
incident on the waterlogging, (lood drainage may reduce or entirely do 
away with water logging, but the soil will still be left in such a condition 
tliat roration is bad. I think that considerable attention must be given 
to the preparation of some soils before the trees are planted. Maybe 
it is not a commercial propodtion to give the desirable treatment but in 
that case it is not a commercial proposition to grow the trees at all. On 


Cf. Joprn. Agric. Res. XX(4) : 1920. 

Amei*. Joiim. But. 17(8) : St2-881, 1990, 



laud BucIi ^8 I 8dw. the soil shouU U. il.DAHi.ddv hrokou U|. for a 
diameter of six feet ami » M 20 un (he site for .meh trtH^ :* 

all jungle roots should be removtNi. The ineoriH.r«tho» of large 
of broken brick, pebblee, prunina,, old (iiakh rk., witii about IH'of tl>o 
subsoil works wonders with such laud in iuirticuhural oporatious. 1 am 
told that this treatment simply draws umre water towards the roots of 
the plant ; possibly so, but this water is more likely to ho <*vygem!U«d Mian 
on similar untreated laud. I think that some experimeuiB should rerlaiuly 
be undertaken along these line.s, and would suggest that numU'rs of vemrig 

trees of tortlii be planted on Die “di<“ h.-o-k ^irea, Kom<‘ without any 
previous troatment of 8oil,HOnK* with |treviuus kudailie ireutmt-nt (g \'arving 
depths, some with varying depths of rivrr p.dhirs or linjken luiek incor- 
porated in the sub soil, and again oMuts raised (ui mounds pd largo 
diameter) some of soil alone and some of soil plus pchldrs, 

4. Thatch grata and jungle. - Light jungle, ami (liateli grass in 
particular, between Mu' trees, is prolmhly harmful : (lie had eiret ls ofHod 
on apple trees aro well known. The rools of oilu r pianlH aroinel (he tiing 
trees will increase eompotilion for the aNuilaid.' soil oxygm und llm 
presence of jungle is liardly likely to facilitate the dill'usion of oxygen into 
the soil, 

5. Natura of Growth.— Terminal growth of the lung tr«e is strong 
at first, but unle.ss dormant buds fui (lie "fiaiie'" eom*' inlo gr.nvih the tree 
becomes undesirably leggy and will be ar a very small e{.>[) of se.*,! rebiliva' 
to its size. The iv.nount hy wliieh (lie fraiiic ' (ills up" varies eonsid- raMy 
from tree to tree, as also does “vigour * and total sl/.r at a given time. 

6. Starch in the rootl. -Starch can r-asily br <lcmons( rated in )«>l,h 
tlic roots and hIiooIh of A. fWdli Knr a lirld deimmstration the rooU are 
more satisfactory. The roots of lieiiltiiy trr<' contain more March than 
those of unhealthy : this fact should m?t !»-* regarded as a -feHt" as it 
simply states in other words what can easily b- seen from other HymplomH : 
in certain circumstances it might be useful, hut great caie slmuhl l>e taken 
to compare roots which are in exivtly the same physiological condithm as 
there is an inherent fluctuation betwo n much March and h ns March in both 
healthy and unhealthy trees. Trees wbirb are notheably late in coming 
away (this includes “die back” trees) eontairi much staridi as compared with 
similar trees which “come away early. 

7. Nitrogen —Tlic cliaraclers of trers iMMiing a high percentago of 
female flowers fd. /Vdb:) suggest a liigh nifrogen m-TalKjlisni. (.fitting 

bock {cj\ para U) probably mducf^s a similar type rd‘growili. Tins huggesU 



tliAt tli« aj)|>lieatioo of uitrrj^^eiiouB manures miglit be beneficial, so that 
ihiM shouH Sh; Wne in miii'l when applyinjj manures. 

6. ManurtDf —general aspects.— Manuring might be undortaken 
with the aim. 

(1) Of improving tlie general health, and resistance to disease, of the 

tree, 

(2) Of inereasing the percentage of female flowers (Lc. altering the 

the Sexuality of the trees), 

(3) Of increasing the weight of the fruits. 

(4) Of inerwwing the j)ercentage of oil in the fruits. 

It has l)€en slated that Necin 0-1;«diV«c/t/a hulica) cake increases the 
pereontftgo of oil in Oastor Oil {Hlanxis communlfi). Anything which 
incri'aMCH the oil content of ca dor oil is likely to have the same effect on 
tung. W) that this is a jjossibility to l>o explored. The evidence for the 
statement was not conelusive ; the author of tlio paper' promised further 
eX[H-riini:ntH. hut I have not been able to find any reference to these. 

9. Effect of stock on scion. — A, Montaivi, in certain places, grows 
Imtter than A. Fordil. If d. Fordll is ])udded on to A. MoxUana stocks 
growing in miicIi plac*‘8, then the resultant growth of tho A, Fordii is still 
inferi<jr, and typical of growth on its own root st^wk. 

10. Sex differences i A. Fordii. — A previous report has dealt with 
the variations in sox. As it is those n ariatioos which primarily affect crop 
HU early step in a wheme of ex peri mental work sliould be to determine 
whether sex differences are inherent ditt'eronces, or arc due to soil ; they 
are probably in a certaiu degree due Iwth, but it is very iinixirtant to 
determine how far they are likely to Ixj affected by external conditions. 
1 would sugg*‘st — ■ 

(1) U it is |K>Hsible to root cuttings, that numbers of pairs of “male” 
and “female ' trees bo taken and cuttings from the male be 
planted alongside the female and ivVc i'crso. 

(‘2) A similar interchange of buds be made, l.e., again using pairs of 
trees, graft a “male” bud on to a “female” tree and vic€‘ versa. 
this is open to tho objection of interaction between bud and 
stock, but observation suggests tliat this is negligible 
(c/. para ff). 

‘ Hi-thI, H, L., Obst^t-viitinns on the Castor Oil piaut (/2icmt<a com muni> Z.mnd 
Mil tliP Cuiteii Provi act's. * A^rioutture atkd Live Stock in India. 1 13) : 343‘232. 1031. 
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(3) Large numbers of trees may be cut back so as to form stocks on , 
each of which a pair of buds, one from a “male’' and oue from a 
“female” tree is grafted. Interaction between stock and scion 
will be the same for male as for female in this case, 

11. Aleuritaa Montana. — .4. Montana h dioecious, or almost entirely 
80 i.t,, male and female flowers are generally borne on different trees. The 
sexuality shows slight signs of change, mainly in the production of female 
flowers on male trees : it is doubtful if these arc more than transient 
metabolic disturbances. Young female trees are said to later turn into 
males and there is therefore the |X)8sibility of the reverse change taking 

place; it is probable tliat after a few years (say 5-6) the tree will come to a 

stable equilibrium when no more cliango need bo ex|>ected. Similar 

considerations probably apply to A. Fordiim tliat btid wocmI should not Ihj 

selected too soon. A male tree of A. Montana seems to be in a more stable 
condition than a female tree and more female trees seem to clmngo towanls 
the male condition than i*ic.c-tTrsct— tins is irrespective of the 0(;caRiouaI 
production of female flowers on male trees, The wounding of a male tree 
of A. Montana appears to result in a localised production of female flowers 
(c/. old idea of cutting back a male papaya), Even in the abKcnco of evident 
wounding the production of female flowers on male trees is always local. 
Evidence given to me indicates that the change from a young female tree to 
a male is complete. After a rea-sonable lapse of time I do not think that 
there is any chance of tlie reverse change occurring. 

Although i4. il/on^rtwa trees are in a much more stable condition tlian 
A, Fordii, slight clianges <Jo occur and these suggest that inanurial 
treatment, at least in the early stage, might be beneficial : with any changt; 
induced by manurial treatment there will, liowevcr, remain the problem a« 
to w'hat will happen when the treatment is discontinued. 

A. Montana, being practically dioecious, is more likely to give higher 
yields })er acre because a large number of purely female trees will bo 
satisfactorily pollinated by one male tree. 

12* Pollination. — The quest ion of pollination requires investigation, 
especially in the case of A. Montan/i. In A. Monfawi tlie female trees 
open their flowers before the male trees : fruits are “set” on the female 
trees before the male trees open their flowers. In the case of female, or part 
female, branches on male trees I found ‘'set” fruits along with unopened 
flower buds in the same inflorescence — all the unopened buds were males. 
The least that oue can say is that a relatively scanty source of pollen sulHces 
for a large number of femalc'trees. 
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13. Morpholofical ch«r»cter»tic».— I caunot suggest any practical 

lacthcMl of identifying male or female trees before they come into bearing. 

14. The Tung ‘‘Induetry.*’ — This could be developed along one or 
more of three Hues. 

(a) As a cottage industry, the oil l>eing extracted at a central plant 
]>repare<] to buy seed from the villagers. 

In ronsidcring tung as a cottage industry the experience of the lac 
imlustry would I>e valuable. 

(^) As an adjunct to the tea industry. Tung may well meet the case 
if the adjunct referred to in [wrra 14 {p. 11) of the Keport of the 
f 'oiumiHsion of Knquiry. 

(c) Am a self 8up[>orting industry, not conuccte<l with other concerns. 
Ill this cast5 the variety would determine the type of soil and district where 
the irrdustry would lie (jstahlished. Manurial treatment that would preclude 
MUccesH, for example, as a village indiistry miglit he iinmaterial to a Urge sedf 
Hupjiorling industry with adc<|ualo finance, 

15. Oil of A. Montana.— The oil of A, .)foti{ana lias been rejwted 
as less dtrsirahle than that of A. Kovfa and does not seem likely to fetch 
Hucli a high [irice as oil of tlo' latter. Dissatisfaction with these reports has 
lieen expressed by certain parties : this is a matter w Inch should be examined 
at once, us it is of tlic very greatest importance. If the Iea.st possibility 
of doubt as to market value remains, then audiclont undoubted A. Moyitana 
seed to provide a sample adeijuate for all the tests of the consumer, should 
1 k» grown without delay. In the light of the evidence so obtained, those 
concerned with the growing of tving should then seriously consider whether 
to dirt^t their etfortvS towards tlie production of one variety only, or wliether 
to encourage the cultivation of both .1. Fordii and A, AfmWuna according 
to kK’al circuiiistancos. (.Considering the welfare of the industry as a whole 
it is very desirable that the greatest uniformity in the typo of oil Ixj 
maintainoil. 'fhis, however, can only bo achieved by co-operative and 
centralised action. The sole cultivation of one variety is probably more 
desirable than the cultivation of two varieties, even if it means the universal 
adoption in Assam of a variety yielding oil of a lower market value. 

The problem of Montana oil veraus Fortlii oil is at the moment the 
prohlem of tung growers and any other development seems futile until this 
ia satisfactorily settled, and set tied with the seal of approval of some 
recognised authority. If A. A/on/aud is to oust A. Ftn'dli in Assam than 
half the troubles of the tung grower will automatically disappear. 
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Report No, 158/B.36. 
eth July im, 

1, Variation of tung teedlingt, (Hort. A)>rU. 11(4) : 303. 1032>. 
“On two soetllin^ of known parent t\;:o tlio fruit chrtractors were fonml to bn 
closely identical with tliosc of Hie parent. Phintiiigs on a lar^e scale arc 
iMjint' made to^ot conclusive evidence on this ix)int.” 

This would fit in witl; a self pollinateil tree and would ho just the 
opposite condition (and (;ivc just the opposite result) to that obtaining in a 
tea bush cf. para T2 in my previous memo. No. 151 uud a para in memo. 
4/B.32 botli dealing witli pollination of tun^. 

2, Succeu in other countries.— (from Hort. Al>sU. 11(2): I7!h 1032'. 
In Ceylon repeated trials Imvc shown that A. Fon/ii will not tlourish 
thoii>;li A. Mitutana appears to do well. The Malayan Agricultural 
Department advise that both .species are Huitahle for cultivation on the 
plains, though trial plantings are still under oliservation in the hills at 
.5,000 ft. In New Zealand plants have been raisetl without ditfieulty ami 
growth appears to he good. Five puhlje companies with a total nominal 
capital of €780,000 have been formed to develop the cultivation of this 
priKluct in the North Island. Kxperimental trials are in progress in 
all British countries in South and Flast .Africa, Af prmcnf rmiUa arn 
iiidfijinife and not pariiejtlnrhf enconrrigin'f. Outside the Krnpire many 
countries are c.xperiinenting, tlio most important trials being in the 
Argentine, wIoto ruind .San .lose and Pindapay in .Mis[one.s tlioro were 
some 50,000 trees. In Paraguay Mhto are 30,(X)0 trees. In conclusion it. 
is su<j>jef<fed ihat n7iiil fnnij <iil can he proird rajmhleof l*einff successfully 
and jyrofLtahly prixlured In any particular district — atirl this must 
necos.sarily take some years to establish — large scale, pl/intings shoulfl 
ntif l>c underiahen nor should tlic public he invited to subscribe funds. 

3, Manuring. — from IJort. AbsU. IV(1): 111. 1934. 

In Now Zealaml methods of manuring are yet to Ix) tested. In 
Florida a fertilizer containing 5% ammonia, 7% phosphoric acid, 2% potash 
is recommended to lie applied twice yearly at the rate of 10*12 Ih. per 
year per tree of 8-10 years, younger trees getting prO[K>rtionately less, 
Green manuring is practised here with succes.**. Yield in commercial 
qmntities should bcgi/i in the fifth year, iocreas/'ng up to the twentieth 
year. I’Ko return per acre is estimated at £25 — £30 for t\\e tenth year. 
It is also mentioned that the trees arc self fertile, that pests are unknown 
at pre.sent, tliat cattle will not eat the leaves (Indian cattle ?), and that 
high yielding strains can certainly be proiluced l>y, budding, (cf, para 1 
above, which sugge.sts that high yielding strains can be grown from aecd.) 
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ABSTRACT OF AN ARTICLE. 

By C. J. McGregor. 

East Air. Agric. Jour. {!) ; 127-30, 1936. 

Th<‘ nrtielu iliHtTiWs Uu^ cultivation of the tunt' oil tree (AUurites 
fii-nlii) in Florifla ami Soutliorn Oeor^^ia, Unittirl States of America at the 
pnsfiit time, Projiaj^ntion Ih by nelected Heed, thouj^h patch and rinn; 
budflinj' in nprinj' with hudn of the current seafiori have boon Ruccesaful, 
t’littinj^H have failed to root. The seedlings are raised in nursery rows 
ami tranHplanted Nvhen a year old and from 3 to 6 ft. high to their 
permanent jKjHitions, the recommended spacing being about 30 ft. x 30 ft. 
'ri>e trees nmst be dormant at tlic time. The tree is a surface feeder ho that 
cultivation is Hhallow and mulches are preferred. In establislied plantations 
the dense sliaile provided hy the branches will keep the weeds in chock. 
l/>w branching is dt sirahlu ami, since many trees do not develop this habit 
naturally, it is produced artificially Vjy cutting back the tree heavily when 
transplanting. The practice is also said to increase yield. Pinching the 
terminal hud merely causes tlie tree to throw furtlier vertical grow’th. 
Pranching is alw protlueed by the riuuoval of a strip of bark } inch wide 
and 1 J inches long just als5ve the hud whicli it is refpiired to start into 
growth. Cover crops of cro^thxWa, velvet beans and eowpe^as planted a few 
feet from the trees between tlie rows arc beneficial. The crop is gathered 
from the ground where it can safely bo left for 2 or 3 weeks after the 
seeds have falhui in late autumn. Information as to the most suitable soil 
types is scarce, Init the tree is snited to light, welbdraiiied sandy loam 
with a .slight arid reaction. The degree of aci<l tolerance is unknown. 
.\ pH of alx>ve 7 produced bronzing of the foliage while normal growth 
w as maintained at pH t) 10. Kxress of phosphate has also lx?en found to 
Ih‘ detrimental to growtli. A study of the bud difTerentiation has shown 
t luit u season's crop is dependent on the tree being in thrifty condition 
the previous year, whicli necessitates the m^^intenance of a tiigh soil fertility. 
That tliere may be a great ditferonce between the yields of individual trees 
i.s shown by a lest with only ten trees over 12 years in which two tree.s 
bore more fruit than the total yield from the remaining eight. 3dic yield 
from 7 -year -oM tnng trees under present conditions is 1,200 Urn. per acre. 
It is estimaUnl that hy top working and au adetjuatc fertilizer programme 
this would be niistnl to 1,800 11>8. per acre. To get profitable results it is 
necessary Ui treat the tree not ns a forest tree but w ith the care accorded to 
a ilelicate, heavy yielding fruit tree. 

, Jinp. Bur. Fruit Prod. Hort. Absts. V (4) : 681, 1935. 
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REPORT No. 1669/O.T. 3S. 
aotb May i93S. 

The following notes on the growing of Tung Oil trees may \k of use. 

Seed should be germinated in boxes or pits of sand. It is found that 
most rapid germination takes place if the temperature of the bed is 
maintained at OO-llO'^F during germination. This of course can only bo 
done if the seed is kept in boxes suitably heated. 

The germinated seed should be planted out in a well draineil nursery, 
seed not closer than 8" apart. Light shade, al>out 5 ft. high is lH>neticial 
during the first few mohtljs. After C months in the. nursery the average 
height should be about 18', and the plants can then be put out 20 ft. apart 
and protected by bamboo frames. It appears to bo essential that drainage 
should be very efficient. Plants show ill effects from any waterlogging 
of the soil. If the soil is good virgin soil there need bo no manuring for a 
year or so at any rate. On poor old tea land, a maiuirial mixture should 
be given. A suitable mixture would be one supplying cijual parts nilrogen, 
phosphoric acid and double the quantity of potash e,g., 

Nicifos 22/18 ... ... ... ... (30% 

Sulphate of potash ... ... 

Four ounces of the above mixture may be forked round each plant 
a foot from the collar, in the early spring. 

The soil should be kept clean throughout the year f{)r a space of a yard 
or 80 from the collar of the plant. 

As regards pruning little need, or should bo done, as the tree is being 
grown for fruit. The centre stem may be hcmled back when it has reached 
a height of 4 or 5 ft., in order to encourage spread of side branches (though 
it is not known whether this is a desirable procedure). 

The tree flowers in the spring and fruit is ripe al>out the end rjf 
October. It can be allowed to fall, or can be slmk< n from the tree, but 
should not be plucked green. 

Each fruit normally contains 3 to 5 nuts. 
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REPORT No. 3312/O.T. 3S. 
2Sth October 1936. 


Cultivation of *^tuiig in with particular reforence to iU 

tuccoM at Toeklai Experimental Station. 

(1) TrocH wf?rfj plantfil out in April 1928. 

(2) Tre<*H ^rew well at first anfi fjave a little seed in their 2n<l year. 
Since then, j^rowth and production oF seed has l>ecn disappointing. High 
wimls and storms during March and April, when the trees are in flower, are 
rosjjonsihle to a great extent for js>or yields of fruit, 

(3) At this KxjHiri mental Station only al^out 100 trees are in cultivation. 
Other areas, largo and stnall arc scattered over Assam and Rcngal Dooars. 
The climatic conditions vary conshlerahly over Uiis area, rain-fall varying 
la^tweeii 75 and 180 ins. The period however November to March is very 
dry, getting normally less than 5' of rain, while May to October is very 
wot. During tho month of July, August and Scptomt>er there is no doubt 
that the moisture content of the soil is generally much above optimum. 
During the dry season November to Ajiril the temperature v aries betw’con a 
maximum of about 85' F. and a minimum of about 40" F, In May and June 
the variation is from about 95 F to 75' F. During the rainy season July to 
October temperatures vary between about 90 F. and 78'F. 

1 . Species at this station are A. /’oedn and A. These are 

the species com in only found in the areas under cultivation in Assam and 
the Dooars. 

2. Choice of land i — ll>gh well droiueH. In many cases areas of 
abandoned and uprooted tea have been useil. The areas at this station aro 
on poor soil, which previously carried light jungle. 

3. Sowing :~Seed is genninatwl in lx>xea of moist sand, kept if 
|>ossihle at a fairly high temperature >0 — lOO'F., at which temperature the 
Heed normally germinat<*s within two or three weeks, whereas at tempera 
tures t)f alxiut HO F, or under germination may take several months. 

( lerinioateil scinl is sown alsnit 8" apart in well drained nursery beds. 
When plants are not less than 1 ft. high (after about 4 6 months) tlicy are 
planted 20 ft. apart and protoctetl by l)amboo frames till they are G ft. or so 
in height. The soil for 3 ft. round the collar is kept clean by hand weeding 
and tho remainder of tlic area by hoeing. 

4. Manuring t -^OJhs, each of nitrogen, potash and phosphoric acid 
pr acre has been appliwl in readily available form, Nitrogen as sulphate of 
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amnmuia of nitrate of sotla ; i>ota8h aa siilpliaU* of jxjtasli and phosplioric 
acid as superphosphate. 

5. Harvesting: — At the time wlieu fruit begins to fall from the trees 
(about the middle of September) men are sent round every week to shake 
the trees and to collect all fruit which has fallen. Fruit has all fallen by 
the end of October, 

Yield:'— This has been very jwor for reasons »;ivcn nlx>ve. Even tho 
best trees yielded only 7-10 lbs. of fruit in 1034-, while the average was 
under 5 lbs. 

Diteatet : — Both A, Firrxlii and A. Montana liave been found liable to 
root disease particular)* when j^^rowing on land liable to waterlogging. 
Among the diseases found are Fomes Lamaocnif{if ; l/f^tulina zonata ! 
Fphacroiittlbc Di^>loilin and Fusarium 
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REPORT No. 4/B.32. 

AprU letb 1932, 

VariotioD in Tang Oil PlanU. 

Flowort/'-Tlic Howcrt) aro chiefly of intereat to the BoUnisc on account 
of iinlicatioDA of a triinerous couditiOD in a penUraeroue Btructure. It is 
uiiiiuetifiHary to give here a detailed description of the morphology of the 
llowerH. 

Tile following account refers to variations in the different parts of the 
llowcrH. 

BracU.~Alx)ut i the length of the petals. Sometimes one only, which 
tlieu almost c<Mupletely encloses the base of the flower. Most commonly two 
hr act. H are present. Of thiH latter condition one bract is commonly larger 
tl»an the Ollier ; tlio larger bract is frequently divided for a short distance 
below the ap<*x : the smaller bract generally with an undivided apex. The 
bracts have dark brown prominently raised nerves, which usually total 
i €., tlie larger (divided) bract usually possesBes three, and tiie smaller 
bract two nerves. 

Parianth* — White, prominent. The claw like bases of the perianth 
lol>e» are very tbiek, the centre part of each i)eing prominently raised* with 
two less prom^ent lateral parts. Within, and at the base of the perianth 
IoIm' 8, aro a number of small white linear scales. The base of each of these, 
at the [Hnnt of attachment, is claw like and raised into three prominent 
ridges, sotiiotiuies with one or two additional subsidiary ridges. The upper 
liner part of the scale is undivided. The apex may be undivided, but more 
frequently is une«jually divided for a short distance into two parts, A 
largo centre part and two smaller and e»iual lateral parts is also a common 
condition. 

Pi*tiK^M( wt frequently 5 partite with 5 bitid stigmas, but may be 
foniKHl by the union of less or more than 5 carpels. The pistil does nob vary 
much— -I have observed 0 and 7 partita pistils, but varianU more 
commonly have less than o parts. Tho most common variant is the 3 
partite pistil, but even tliis is nut very common and may be associated with 
young treofi. 

Mala flowari.— Structure identical with that of the female flow^ers, 
except that the pistil is replaced by 10 stamens in two whorls of 5 each. 

I be outer stamens are a little more than half the length of the inner 
Htameus. 
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InHoratoftiice.^Botb male aud female flowera are present in the saulo 
panicles. The lowermost lateral members of a panicle may branch two or • 
three times before apical growth is terminated by the formation of a dower 
bud» The main axis of the iudorescence is also terminated by a dower bud. 
Female dowers are nearly alwa}^ terminal. There is a considerable 
amount of variation in the type of indorescence, due to varying degrees of 
abortion of the male dowers. Between the two extremes of a predominantly 
female ‘"cluster” and a predominantly male “cluster” are various inter- 
mediate types. In comparatively rare cases the male dowers of a panicle 
are almost entirely suppressed at the ex|)onsc of one or more female dowers 
which terminate the main and lateral axes of the indorescence. In such 
COSOS the female dower is borne on a short stout pedicel at the top of an 
axis which is shorter than usual. Arrangotl around the axis of the indore- 
scence below the female dowers are varying numbers of small linear bracts^ 
in the axils of which are clusters of small aborted male dowers. Such male 
dowers are generally very small and inconspicuous, and show numerous 
degrees of abortion. Commonly they fail to slied pollen, or from between 
the minute sepals small stamens push out so that they are just uncovortMl — 
then a certain amount of jiollen may be shed. There is a certain amount of 
variation amongst these clusters of small male dowers, so that the extreme 
variants approach the condition of normal development of tlio male dowers 
with few or no female dowers. With inarketl female development and 
reduction of the male dowers, variations may be noted — 

(1) In the same indorescence. 

(2) Between different indorcscences on the same tree. 

(3) Between different trees. 

Thus all stages of abortion may be seen in the same indorescence, but in 
general, the range of variation i.s less between male dowers within tlic 
same indorescence, than that between dowers in diderent panicles on the 
same tree. Different trees are not identical with one another, and tlu; 
average condition for panicles for each of a large nu tuber of intUviduals 
will form a general frequency curve for the species. 

Abortion of male flowers is coincident with a sliortoiiing of the main 
axis of the indorescence. The longer is the main axis the more dowers 
are there capable of producing pollen ; the greatest reduction is near ia 
the female dowers. In the typical female inflorescence there may be one 
or more female flowers, but most commonly one only. The most extreum 
case of female flower protluction is an almost complete supression of the 
main atMl lateral axes of the indorescence, so that dow'ers are expanded 
only just above ,the level of Uie scales of the terminal bud. 
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Small variatiofjH itj thf inrtorcMceuce arc tlio rule; extreme, variations, 
espreially those which tend towards an entirely female cluster, are 
rare. The uvmi eornmori condition is undoubtedly a large number of 
well devclopwl male llowcrs and an almost complete absence of female 
Howers. However, the condition may change with clmnging age of the 
tree. In the typical iiiah; panicle the bud terminating the main axis 
invariably dropn olF at a very early period of devxdopment (owing to 
the lateness of the e x am i nation, I have not been able to ascertain whether 
tlio hud is initially a male or female— I think tlie latter). Tlie terminal 
bud of the lateral h randies of the inflorescence may or may not drop off. 
If they d«j not drop Oft they are invariably males which are deftnitoly 
smaller and weaker tlian the others. Of the panicles which are predomi* 
nantly male, some w ill bear fruit, (devedoped from terminal flowers of the 
panicle) ; wjino trees however, bear Solely male Jlowers. Panicles bearing 
fruit wjmmonly show some nMhiction in the numlxjr and size of the male 
flowers. An extromo condition of this reduction is tho typically female 
duster with a few alx>ited male flow'crs. 

Floral whorU —variation in the number of parts. — All the floral 
whorls generally consist of 5 m oiiher.s and there is little variation. Varia- 
tions wetv; noted in pistil, calyx and corolla. Any variation in the calyx 
is reflected in the corolla, h’alyx and corolla variation is far more common 
in fetnah- tiian in male flowers. In female flowers 5 — [> sepals and petals 
imiy he present ; 7 is a fairly common variant, but this does not necessarily 
correspond with a similar variation in the parts of tlu; jiistih 

Pollination. — -Vixy probably by means of insects. Two kinds of ants, 
numerous Ix'dles, flics and bees visit the flowers. An interesting point is 
raises! by the fact that the fruits havi* set and the petals of the female 
flowers fallen, before the majority of the male flow'ors open. Either the 
ftMuale flowers develop parthenogenetieally or else the female flow'ors are 
fertilised with pollen from the very few male flowers wliich open at the 
same time ns the female. t>u tie- other hand the high percentage of known 
female flowers which fall without setting fruit may lie due to uon-pollina- 
tion. (On predominatingly female clusters tho aborted male flowers may 
be respousible for pollination). 

Leavftik — phyllotaxis is Youth forms are 3 lobod. Leaves on more 

mature growtli are unlobed. As the tree become ohlor the type of leaf cliange.s, 
but youth forms tend to he pn>ducod at the beginning of a season. In 
A F>yniil ‘ youtir’ leaves are 3 lohed, tho centre lobe being large and the two 
laterals small. Each loK' has a prominent mid rib, but in well dcvelopetl 
■leaves, 5 main veins may be distinguished . the t\Vo lowermoetweins proceeding 
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to the periphery ne*r to the base of the leaf. In 4. .Vowtaiwi the '‘youth" ' 
leaveB are 5 lobed and ns tlie tree l>ocoine older there is a tranaitlon to a 
3 lobed type of leaf. The i>etiole8 and bases of }fon(am loaves are redder 
than those of Foixlii, Xectaries are present on Uk* leaves both of yonlii 
Montana, Differences iu tln^se neetavies are very marked. In Iwth species 
nectaries occur at the base of tiie leaf bla do, and if the leaf is lobe<l, nt'ctaries 
arc also present in the angles between the IoIkh of the leaf. At tdwi of 
tbo leaf at least two nectaries are present, both in /bn/// an 1 In 

Ford it 3—4 nectaricB sometimes occur in tliis position. In eneh angle o! the 
leaf only one nectary is present and this is always situated at a vein ending 
and on the lower side of tho leaf. Xeetaric's in the angle.s of the leaf are not 
invariably present in Foi'dii — tliey are always present in Montana. Fordii. 
nectaries are liemispherical with a minute depn.^sMiou iu tho centre (not 
generally noticeable wit bout a Ions) and of a bright reddish colour. 
Montawi neetaries are deeply cup shaped, so that the contained nectar is 
visible to the naked oye ; tho nectaries are dull gn'cn in colour and stand 
out prominently from tho petiole (and leaf) orj a short green stem (tho wlmlo 
structure resembles the stem and howl of a wine glass). 

Three prominent leaf traces are nssoeiated with the le.af of Ffrdli. 
Tho two lateral traces arc larger than the tii:*diutn an<l appear (from iv 
cursory field examination) to he composed each of two smaller traces. 

Bud development.— .Axillary buds an; absent from the lower part of 
the seasons growth. Kxainination in tho field failed to reveal any typo of 
structure which might he classed Jis a dormant laid, cither oji the surface 
of the shwt or under the hark. There is jirohahly a small amount of 
umUd'erontiated mcristeinatic tissue at the ohi leaf axils. 

Branching. — T.Katcral braufdies originate frrim the upperumst huda of a 
shoot towards the end of tlie season. If tf<rminal gnjwfh ctavses jIuo 
flowering, then a mi m her of laterals grow out at tie* beginning of the 
sea.son. 

Type of tree.— Dun to the fact that the only huds whieh develop are 
tho uppermost ones (which an; elos dv crowded togetfier) and the fact that 
tlio stem may grow as much as 10' iu one season, the majority of the trees 
present a peculiar appearance : the trees are very Meggy" hearing at the 
top a system of “leggy” laterals. In cjises where h;ngth growth has not 
been terminated by flowering the developm.cnt of the laterals usually 
suppresses further growth of tho loader. A few trees are branched from 
just above the ground level:, they are making sh.tpvly trees with a wcdl 
sp.aced branch system. Apart from the fact that such trees hear a larger 



( 16 ) 

• 

of flowers than the “leggy" type, the difference in bronching is not 
associated with the most desirable flower characteristics. (Conversely, no 
other morphological feature was found associated with predominantly male 
or predominantly female clusters). Some trees ha«l been decapitated at 
the same time as they were removed from the nursery. This liad resulted 
in 2—3 laterals “ break ing-a way” but these laterals had failed to branch 
again and the rcHuUiiig tree was simply a corniwsite “leggy-type”. 
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ABSTRACT 

SelectioD prbblemi of hinf . 

(Smolsky, N, V. Soviet Subtropics i935: 4{8): i€-39) 

No case of parthenocarpy has U*oti obstTveil, but upt>n occasion fruits 
have developed on A. cof'thtn under conditions where all possibility of 
pollination was exeludetl, indicutino that either parthonooonesis or rtpo;;Amy 
had occurred. 

Artidcial self-polliuatiou carried out in tliree forms of A. FottiH and 
one of A, corthita produced lar^e numbers of fertile fruits, far in excess 
of tliosc formed by trees left to pollinate naturally. 

Ijiip, Hur. riant tieuetios, Plant 
Hreedin^^ Absts. VI(d): 10:H. 1^30. 
ef. the Botanist’s memorandum of March l{t32 where it was su^^^^^ested (1 ) 
that parthenogenesis may occMir in A. Fordii and (2) that, on (In* other 
hand, the failure of nmnhers of female dowers (f)f A, Fordu) h) set 
fruit may he duo to nnn-|x)lliuation. 
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Species of **AleYfrites*^ ^^(taogV*. 

“Tun;'” iH t!iO namo now coniii^only appli<‘d in Assam to Aleurite 
Fttrdli, and to AUurUfM Montftnn : It is howt-ver recoj/nised that the two 
are not tho haiuo and that l•a{,‘h pr<^xlue<*H a ditferent kind of oil i.e. common 
uMa;'<? at prcMi-nt rrcoonist s two ilistinct kinds of “tuiig”. Some w'ould 
restrict IIm; t»'rm ‘'tun;'” to /Vr//u‘ (to which it certainly does 

ftp[»ly) ; it would tluin U- hi -t ter to use some other term, such as “Mu-yu” 
for A. Montana — “Mu yu”, and “ahrusin” oil are terms which have alrea^ly 
heeii applied to tlie oil of A, Moiitiina. Popular usa^'e in Assam at the 
motueut ten Is to ipiite wron;j;ly reh r to all AleiirifeM as “tun;'”, each of the 
live HpeeieH f)f Aleurltfis thus hecomin;' a dili’erent “variety” of “tung” 
(it should he noted that “variety” here has no in mo than a |K)pu}ar 
Hij'nitieanee and is seieutifieally meanin^'less.) Attention should, however, l>o 
paid to reco;'niso I tertninolo;'y as “tun;;” is already an estahlisho l article 
of com tile rce. 

Tlie follow in;; notes on the species of Aleurites may 1 m? helpful to those 
interested in the culture of “tun;;”. 

The ;;eiius AleurUes l>elon;;s to the family KapluyThineme, It Is a 
^eniiH foreign to India proper (ie. exeludin;; Hurrna) thou;;h two species 
{A. trilnlm Korst. and rord^ifa Steml) have l>een introduced for tiftv years 
at lenht and One (A. tvilotm Furst.) is naturalised and ;;rows wil<l in the 
WynaaiP. A. Fi>rdli and A. Montana havt' he<n extensively introduced 
into India only durin;; the last decade in in connection with an Km pi re 
developmept sclieiiie. Tlie nearest relations to Alenri(e-'< in the iniH;;enous 
tlora are Jalropha, and (^rofnn, 

(1) FO]tI)f[, Hemsh — the tun;; tree ; tun;; oil projM?r is derived only from 
the sa'il of A, Fordii.^ Native of China : ^rows in the Yau;;!/,!' Valh^y. 
A suhdropical rather than a tropical tree. ' 

(2) ^f^CV7MAM. K. II. Wilson. — A native of S. K. China, extendiii;; into 
French Imlo China and the Slian States of Burma. A tree of the tropics ; 

proliahly reijuires a heavier hot weather rainfall than A. Fta'diiA 
A. Montnua yields Mu -yn” oil‘ (also known iws “Ahrasin oH ’i’ which, 
thon;;h dithTont from tun;; oil, is suitable for varnish makin;; 

' Imp. AKidc. Hur Hort. Atwis. Vfi); 27."i. 

' lliwiker. KloinUrit. Iiulia. Vnt. .*>. pp. 'JTfll ; USV 1SIK>. 

’ Imp. A^rir, Hiir, Hurt. Alist.'*. lU3,’i. 

' Tt»e Product ion of Tunjf Oit in th»' Kmpm‘. H. -M. Stationery Of1\ce Lend. 
K M. n. m. June. itKm. 

Imp. Auric. Hur.» Uort. AMs. \ tU): I'To. l«;i. 



( I 


purpost-8.*^ Tlic oils of A. Mimtana ami A. hWdii, sonk<time^ imliscriniiualoly 
mixed, are exported from Chiim liuder the name of Chinese wood oiP 
(or twmetimts simply as “Wtsxl Oil”): the two oils, similar, hut not 
by any nieans indent ical have ac^|uiivd tlie common name of 
the specitic name of the [ilant in ptireiUliesis serving, when necessary, 
to identify tlie one kind of ‘ tuu^’’ from the other. 

There are three otiicr species of .<:t leu whieli also bear oil yieldiuj; 
seeds. Their oils have not the same special properties as lho.se of A. 
and A. Montana and cannot replace them in the paint and ^•arnish trade.'* 
They are as follow s : — 

^1. COR DATA. .Steiid. — A native of (.'hina and Japan. Tliis is the source 
of Japanese wood oil or Japanese tuu;^" oil and lias h(‘*>n re^^rded hy lluHsian 
workers as worth experimental en’.tivatioii.'* A {’«o*<^ohi can he cultivated 
in the sub tropics. The following abstract*" will ojve some idea of the 
cultivation of the tree in Japan. 

M<i((e, J, 

L'AUnrit oo ‘dak an JaiKtn. ( A Icnr It i's oo'data, iht Jainmcnc 
u'oinl oil tree in Jain in.) 

Atjyo^i, Colon,, I9J6, : ?1U: and 'Ml : 7 15. 

'rids tree, a native of Japan, is not oeo^rrapliieally widely dislrllmted 
in that country and it is ditticuU to distinguish orij^inal wild frmn planted 
stands, since all are now e.xploited and re^ulurly cultivated. It is ehielly 
found in the province of Hondo ^^rowino on the lower mountain slnpeH 
w here the soil is deep and liumid and precipitalioj] hi^dj. A full botanical 
description of the tree is given. It is saiil to resemhlo closely A, Montana. 
While the tree may lie considered to he definitely inonoocious tlicre is 
ncvertlielcsfl a tendency fur one or other of the .se-xe-s to predominate on 
certain tree.s, which then hecume easily rlistinguishahle. A tree in which 
the male tluwcrs preponderate is larger, leKs braiiclicd, and of (piieker 

Jord<in. Jniirn. Roynl St>r. Ai’l.^. LXXXtll (Cri^)): .VO. WKi”). 

’ Dr. Jonli^n of I he Uj itish I’liinI Ci'lour jukI \'Arnisli .Mamifacturo Ih'searrli 
Asbiiclatioii, .‘^peak.s of “Tuiik oil t rec:^ (r^derriii^ to tlie hpecies Akuritca 
fbrfh'i pArticuJarly aiirl t(* A, }fout(tna in a Io.sh degree)*’ and ugniri 
‘■Reference ha.*^ mdy U'cn made to “lung oil", ref i’ r ring to the jirmlurt of 
the two sp'cie.^ Alcnritca Fot'dii and AfenrUrH Montana''. |J<»rdon. Timg 
Oil. Jnnm. Dil A ("oJour CJiemi.iitK Asswiation XI f ; lifl ; 1112^.) 

‘ 'file PrcMlnciion of 'I'ung Oil in the Kni|nre. If. .M. Stationery Office I><md. 
E. M. R HI. June lUft 

• Imp. Agric. Hnr. H'*rt. Al^sts. n{I): 72. 1K12. 

Inij). Agrjc. liur. Hort .iAbsts, ^'(HJ ; l.*>7. llTJiV • • 
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jjrowtli, TKe l»;av».« arc lr>K*<J and the flowering later. The tree with 
ruaiuly fciimk flowerH im tlwarfer, hushjjjr, relatively alow growth, and 
haa rouu'ler leavcx. In neither ea»ie ia the dio*>ci8rn ever aijsolute. Possibly 
it iH a varietal «jitrur*‘riee. Projiagation is cftecte<l by »ee<]t<. Seed is sown 
either in autumn as wxjri as gatliered in mild districts, or after stratification 
in Hpring where thu climate is eohier. See<ls w ill retain their vitality for 
two years. The seeiJs are placed in water just before planting, only those 
which sink Udng iifsjd, and from these a germination of 90% — 100% is 
obtained. A year later the see<ls are pricked out into nursery bods, the 
final planting being marlo the following spring. The original density is 
SfKJ per Imctare riMluecd by gradual elimination of weakly, male, or other' 
wis<* imperfect trees U> 200 per hectare. A method of <letcctiDg the 
stronger growing male trees in tin? seed bed is to put down straw mats at 
a certain depth f>e(ow tlie soil in which the seeds are bj be sown and to 
rejj'Ct at transplanting all those wln>se roots have passed through the mats. 
Trees come into bearing when 7 to 10 years old, but tlie first harvest is not 
usually made until the 12th or l3th years. At 50 years old tlic trees are 
cut down and the wtxjtl applied to various industrial uses. The method of 
harvesting consists in picking up the fruits ofl’ the ground either os they 
fall or in two gatlmrings at 10 day.s intervals. The seeds are tlepulped by 
fermentation or if old by pounding in a mortar, usually witli a straw mat 
at the bottom. The oil is e.\ traded by expression after de.siccation, the 
yield being alxnit I ‘7 litres p.'r 10 litres of seed. Two expres.sions are made 
and Uicdr oils mixed. The juixture is clarified by settling, and is then 
ready for sale. 

( 4 ) Forst (-.1. Willd.) This is the Hra/ilian candle- 

lK*rry (or eandlonnt) tree and yields Candlcnut or lumhangoil (also known a.s 
haneoulier oil‘‘). The oil of this tree is used for .soup makiiig and 
attempts have been made to utilise it in many other direetiou.s. ‘ - A. 
rejjnircs tropical conditions, 

A, TUISPEHMA. I)lane»j. Tie' oil of this is known ;i.s ‘ .soft lumbang 
(as Opposed to the ‘dumbang’’ of d. According to one rather old 

report*'' tlie oil of A. is an excellent drying oil. It has, 

however since been author! t at iv*dy stated that no other species of 


lni|> A«iie. Her. Ilort. Alwtx. Vf.i) ; 275. 

Imp- Atfrie. Unr. Iliu't. AlnU. IV(2) : 271. llttl, 
Hot. At<sls IV I) :S)7. lOAi 
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AUuritea caQ replace A. Fortjii&ud A. Monfatia iu the paiui aud varaielf 
trade. A. trispermi requires tn^ical couditious of growth. 

The possibilities of crosses between the species of AUtt,rit«^ should be 
explored as soon as possible. Tlie cross ^ A. Fordiix A. Moiifnna is beiujj 
investigated at the University of Florida. 

The Production of Tung Oil. in thv Huipin*. II. M Stalionory OfRco Ix^nd, 
E. H. B. 31. Juuc 1930. 

Jordon. Tung Oil. Jour n. Oil & Colour Chemist Assoc. Xn(Ill7). IU29. 
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